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An annual problem facing the city of Missoula, Montana 
is its wintertime air pollution episodes. This study 
investigated the concentrations of volatile organic 
materials in the air of the Missoula valley. The 
study was limited to compounds which have a molecular 
weight less than 200 atomic mass units. 
A field study was conducted from January 16 to May 
31, 1983. The ambient air samples were collected 
on traps containing Tenax GC adsorbent for a sampling 
period of 24 hours. The air samples were analyzed 
by a capillary gas chr omatogr aph/mass spectrometer. 
The ambient concentrations of the organic pollutants 
were determined using a standard curve method. 
Statistical analysis techniques were used to investi­
gate the relationships between the concentrations 
of organic pollutants and physical parameters, air 
quality, and weather data variables. A health 
assessment was performed to determine the possible 
health threat from the organic pollutants on Missoula's 
population. 
The following are among the major findings of the 
study: The volatile organic composition of Missoula's 
airshed is very complex and consists largely of methyl­
ated and straight chain alkanes (C5-C12) a n <* alkylated 
(C1 -C5)  benzene derivatives. Transportation-related 
emissions were the major source of ambient volatile 
organics found in Missoula's airshed (60%-90%). The 
ambient volatile organic levels were the highest on 
cold, calm days with temperature inversions. During 
most of the year Missoula's air quality (volatile 
organics) is comparable to most rural areas of the 
United States. The health risk of breathing the 
ambient volatile organic levels present in Missoula's 
air during this study was low. 
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CHAPTER 1 
INTRODUCTION 
Missoula, Montana, lies in a narrow mountain valley 
approximately 3200 feet above sea level. Narrow river 
canyons on the east and west ends of the valley restrict 
horizontal air flow into and out of the valley's airshed. 
Missoula has a northerly climate with limited winter 
sun, frequent temperature inversions, and air stagnations. 
Air pollution problems are not new to Missoula. 
In the 1960 fs, various industrial point sources (Hoerner-
Waldorf liner board plant, lumber mills 1  tepee burners, 
and plywood factory) polluted Missoula's airshed, both 
within the urban area and beyond. As the industrial 
point sources complied with the federal clean air act, 
the major source of air pollution has shifted. The oil 
embargo of the 1970 fs and, in turn, rising fuel prices 
in recent years significantly influenced a shift~of"the 
major source of air pollution from industrial to residential. 
As the result of Missoula's topography and meteorology, 
the valley experiences frequent climatic temperature 
inversions which cause a simultaneous occurrence of extended 
periods of air stagnation through most of the late fall 
1 
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and winter months. These wintertime inversion episodes 
seal Missoula's airshed, typically reducing its volume 
by 80% (67). During these episodes, pollutants accumulate 
and concentrate in the limited airshed causing the formation 
of the low-lying white haze which blocks the view of 
the surrounding mountains. 
The particulate levels of the Missoula airshed have 
been well-documented and studied since the establishment 
in the 1970's of federal and state air quality standards 
for total suspended particulate. The first study which 
strongly documented a connection between Missoula's air 
pollution problem and health was a Montana Air Pollution 
^7 . 
Study done in 1977 (46). The study revealed evidence 
of health problems related to Missoula's high particulate 
levels. 
A year-round mutagenic study was done on the particulate 
phase of the pollutants in 1983 (19). Ambient air samples 
collected on hi-vol filters were analyzed for mutagenic 
activity using the Ames Assay. The study linked mutagenic 
activity to the particulate phase of the pollutants. 
Seasonal differences were found: The highest levels 
occurred during winter months and lowest levels occurred 
during summer months. 
Two source apportionment studies have been done 
on the particulate phase by the Missoula City-County 
Health Department in 1980 and 1983 (44)(45). These studies 
3 
were carried out by wet chemistry, high resolution micro­
scopy, x-ray fluorescence, and x-ray diffraction analyses 
of ambient air samples collected on hi-vol and dichotomous 
filters. The majority of the particulate samples analyzed 
were selected from those collected between November and 
March of the twelve month sampling program of each study. 
The results from these studies have shown that approximately 
54% of total suspended particulate and 75% of the respirable 
suspended particulate wintertime levels were associated 
with residential combustion of wood. 
Rationale and Purpose 
Recognizing the fact that no studies have been done 
to identify the organic pollutants of Missoula's airshed, 
an analytical monitoring of Missoula's airshed in order 
to determine the identity and levels of the organic 
pollutants was warranted. With the already unhealthy 
wintertime air and the expected increase in residential 
wood burning in the near future, more information was 
needed on the airshed pollutants, their concentrations, 
their sources, and their health effects. 
The purpose of this study was to identify the organic 
constituents of molecular weight less than 200 atomic 
mass units in Missoula's airshed. The objectives were 
identified as the following: 
1. To choose a method for the collection of 
ambient air samples and perfect the 
technique; 
4 
2. To analyze the ambient air samples using 
a gas chromatograph/mass spectrometer; 
3. To determine the concentrations of the 
organic pollutants identified; 
4. To monitor the organic pollutants through 
the winter months of 1983; 
5. To distinguish between motor vehicle or 
residential wood burning as the predominant 
source of the organic pollutants; 
6. To determine the health threat from organic 
pollutants on Missoula's population. 
CHAPTER 2 
LITERATURE REVIEW 
In general, the concentrations of trace organics 
in the air are relatively low and a concentration step 
is required prior to analysis. Currently the concentration 
methods used consist primarily of solvent scrubbing, 
cryogenic trapping, and adsorbing on solids (37). Analytical 
difficulties can arise with cryogenic trapping because 
freezing-out of water vapor occurs simultaneously with 
the freezing-out of organic constituents of the air. 
Solvent scrubbing has a detection limit of one part-per-
million, which is insufficiently sensitive for analysis 
of trace organics in air. Consequently, solid adsorbents 
are used most frequently when sampling for trace organics 
in air. 
The solid adsorbents available include charcoal, 
silica gel, aluminum silicates, and porous polymers. 
The porous polymers (Porapak P, Tenax GC, XAD-2, Chromasorbs 
101 & 104, etc.) have the advantage of direct thermal 
desorption into a gas chromatograph as opposed to solvent 




Tenax GC adsorbent has been used for the past eleven 
years in identifying and quantifying many halogenated 
hydrocarbons and hydrocarbons in the atmosphere from 
several geographical regions throughout the continental 
U.S. (11), (28), (31), (35). Tenax GC adsorbent is a 
2,6-diphenyl-p-phenylene oxide polymer. 
The advantages of Tenax GC over other porous polymers 
used for collecting ambient air samples are its high 
thermal stability, storage capabilities, efficient 
adsorption and desorption, reproducibility, and 
versatility. 
The thermal stability of Tenax GC was determined 
by Van Wijk (71) in 1970. Tenax GC was found to be stable 
in temperatures in excess of 400°C and resistant to oxygen 
in the carrier gas. 
The storage capabilities of Tenax GC sampling cartridges 
have been assessed by several investigators (11), (14), 
(77). No significant effect on the repeatability of 
analysis was reported on storage of sampling cartridges 
containing aromatic and halogenated hydrocarbons for 
up to 4 months. 
The adsorption and desorption efficiency of Tenax 
GC adsorbent have been evaluated in several studies. 
Zlathis et al. (77) determined that samples were 
efficiently desorbed at 300°C with good reproducibility, 
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and regeneration of Tenax GC was effected at 375°C. 
Clark et al. (14) reported high deadsorption efficiencies 
for benzene (97.4%), toluene (103.6%) and 1,2-dichloromethane 
(101.1%). Greater than 90% of vapor phase organics from 
oil shale were collected by the first two stages of a 
Tenax sampler in a study done by Hanson et al. (29). 
Pellizzari et al. (61) in 1975 investigated the collection 
efficiencies of several solid sorbent medias (Tenax GC, 
Porapak Q, Chromosorb 101, and Chromosorb 104). Collection 
efficiencies 90% in trapping vapors of epoxides, $-
lactones, sulfonates, sulfones, N-nitrosamines, chloroalkyl 
ethers, aldehydes, and nitro compounds from synthetic 
air-vapor mixtures were reported for all the solid sorbents. 
Tenax GC was evaluated at sampling rates of up to 9 L/min. 
on (1.056 cm x 10 cm in length) glass sampling tubes, 
and high collection efficiencies of 90% were reported. 
The reproducibility and versatility of Tenax GC 
was demonstrated in early classical studies done by Zlatkis 
and co-workers (74), (75), (76), (77). The suitability 
of Tenax GC for the trapping of the volatile constituents 
of human urine and breath and organic volatiles in Skylab 
4 was investigated in these reports. It was found that 
the volatiles from a single urine sample could be collected 
in multiple parallel Tenax GC traps, and reproducible 
gas chromatographic results were obtained. In these 
studies, Tenax GC was proven to be a suitable material 
8 
in terms of both relative inertness, sufficient thermal 
stability and storage capabilities. 
Concerns have been raised as to the effects of 
humidity, temperature, and rates of sampling on retention 
and breakthrough volumes of vapor-phase organic compounds 
and on displacement interactions that might occur between 
constitutents trapped on a Tenax sampling cartridge. 
Clark et al« (14) in 1982 assessed the effects of 
the concentrations of aromatic and halogenated hydro­
carbons, rate of sampling, humidity, and temperature 
on safe sampling volumes. High humidity, temperature, 
and sampling rates reduced the retention volumes by ^ 
20% for aromatic hydrocarbons and _> 10% for halogenated 
hydrocarbons investigated in this study. An additional 
~ 25% reduction of retention volume for both aromatic 
and halogenated hydrocarbons was found in presence of 
10% (v/v) of carbon dioxide and high humidity. However, 
they concluded that at normal ambient concentrations 
of the compounds considered, no significant change in 
retention volumes with concentrations had been demonstrated 
and Tenax GC was a sensitive, accurate, and versatile 
solid adsorbent. 
Water's effect on the retention of selected compounds 
on a Tenax GC precolumn and the relative losses of standard 
compounds due to irreversible adsorption were investigated 
by Novoting etal. (56). They observed that precolumns 
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packed with Tenax GC exhibit low capacity for water and 
water vapor does not seem to interfere appreciably with 
analysis. No irreversible adsorption losses of standard 
compounds at 2 mg level were reported. They also suggest 
that the representation of volatile organics in a chromato­
gram is strongly dependent on the sampling conditions, 
such as precolumn temperature, flow rate, and sampling 
time. 
The breakthrough volumes of various organic substances 
on Tenax GC were evaluated by Parsons and Mitzner (59). 
The breakthrough volume was determined by having two 
traps connected in series and determining the volume 
required for the substance to break through into the 
second trap. The results from this study are shown in 
Table 1. They concluded the capacity of Tenax GC for 
retaining pollutants depends on the retention volume 
of each substance and displacement effects that may take 
place between the pollutants of varying affinities for 
the adsorbent. The sampling rate for the small size 
trap ( - 0.1 g. of Tenax GC) should be under 300 ml./min. flow 
to maintain collection efficiency of 90% for a sampling 
period of 20 min. 
The affinity of various types of organic compounds 
towards Tenax GC have been investigated by several 
researchers. Bertsch et al. (11) reported the capacity 
of Tenax GC for alkanes, alcohols, and amines to be greater 
TABLE 1 
The Breakthrough Volumes of Various Organic Substances (59). 
Sample vol, ml 
Compound (max) small trap Columns Detector" 
Acetone 125 C FID 
Chloroform 300 C FID, EC 
Acetic acid >1,000 C, A FID 
2,4-Pentanedione >1,000 C FID 
Hexane >200 C FID 
Pyridine >900 D, B FID, N 
Methanol 100 C FID 
(large trap) 
Ethanoi 325 C FID 
(large trap) 
1,2-Dichloroethane >1,000 C FID 
Isopropanol 250 C FID 
/j-Butanol 500 C FID 
Anilfne >20 liters D FID, N 
(large trap) 
Ethyl acrylate 1,000 A, D FID 
Benzene 1,000 A, D FID 
Dimethyldisulfide >2,000 A, B FPD 
Nitrobenzene Large A, D FID, EC 
Benzothiazole Large B. D FPD, FID 
m-Xylene >1,800 A, D FID 
Toluene >1,000 A, D FID 
Chlorobenzene >1,800 A, D FID 
T richlorobenzenes Large D, B, A FID, EC 
Naphthalene Large A, D FID 
Phenol b E. A, C FID 
p*Cresol b E, A FID 
2-t-Butyl-4- b E FID 
methylphenol 
0-Naphthol b E FID 
Acrylonitrile 125 C FID 
a FtD, flame ionization detector; EC, electron capture detector; 
N, nitrogen detector; and FPO, flame photometric detector. £>Sol-
vent collection and liquid injection used. 
11 
than aldehydes, ketones, and phenols, and volatile hydro­
carbons containing less than 5 carbon atoms are not 
efficiently trapped by Tenax GC. Ciccioli (13) reports 
similar conditions of poor retention of alkanes up to 
and including isooctene on Tenax GC adsorbent even with 
small sampling volumes (5 L of air, drawn through 0.28 g. 
of Tenax GC). 
Novotny et al. (56) found that Tenax GC adsorbs 
certain types of compounds less efficiently than others; 
usually, less volatile mixture constituents are more 
effectively concentrated. This concentration effect of 
Tenax GC is primarily due to the adsorption coefficients 
of the compounds. They concluded that a wide range of 
compounds both polar and nonpolar could be concentrated 
and transferred by means of a Tenax GC precolumn sampling 
method. 
From these findings, it is suggested that Tenax GC 
has poor trapping efficiencies for low-boiling hydro­
carbons; and another solid adsorbent, which is effective 
in trapping volatile compounds, should be used in con­
junction with Tenax GC to get a representative sample 
of the vapor-phase organic in ambient air. 
Molecular Sieve 
The utility of a molecular sieve as a solid adsorbent 
for air sampling is suggested from its uses and properties 
Molecular sieves are employed widely by industry for 
12 
gas purification (4), (38) and have been used as a gas 
chromatographic medium for volatile hydrocarbons (3), 
(26), (55). The adsorption properties of molecular sieves 
on a number of polar and nonpolar organic compounds were 
determined in several investigations by Barrer et al• (7), 
(8), (9). 
Gold et al. (24) found activated 13X molecular sieve 
to be an excellent solid adsorbent for sampling acrolein 
in air. Field samples collected at residential fireplaces 
by these investigators suggested that the 13X molecular 
sieve are suitable for sampling other low molecular weight 
aldehydes, alcohols, and ketones in air. Water vapor 
was determined to decrease acrolein's breakthrough time, 
but acrolein was detected at sub-ppm levels even under 
high humidity conditions (100%). 
Analysis 
Environmental samples from air are often complex 
mixtures containing a hundred or more compounds which 
need to be resolved prior to analysis. A practical solution 
to this problem is the analysis of ambient air samples 
by a computerized gas chromatograph/mass spectrometry 
system. The gas chromatograph/mass spectometer is extremely 
sensitive and specific for the analysis of many volatile 
organic compounds in ambient air (34). The advantages 
of gas chromatograph/mass spectometer computerized systems 
are: 1) high resolution and separation of complex mixtures; 
13 
2) highly sensitive and selective detector; 3) quantitative 
data can be obtained; and, 4) permanent storage of spectral 
data. 
The high resolution of gas chromatography provides 
adequate separation of the substances found in ambient 
air (34). The resolution of capillary columns are quite 
superior to packed columns. Grob et al. (27) demonstrated 
this by comparing the resolution of gas chromatograph 
peaks from a water sample on a packed column (3 m x 2 mm) 
relative to a glass capillary column (35 m x 0.28 mm). 
The glass capillary column increased the resolution of 
gas chromatograph peaks of the water sample by more than 
a factor of 4. 
The mass spectrometer is the most specialized detector 
available for a gas chromatograph. The mass spectrometer 
can be made either extremely specific by employing selected 
ion monitoring or very general by scanning all of the 
ions produced. The spectral data can be used to determine 
the structural configuration of compounds. The total 
ion current plot of mass spectrometer resembles the flame 
ionization detector chromatogram. The mass spectrometer 
can detect compounds in ambient air samples in the yg/m^ 
range with a preconcentration step (11), (31), (60), (61). 
Mass spectral data can be quantified by following 
the guidelines presented by Pellizzori et al. (60). 
It is important that mass spectrometer parameters be 
14 
standardized in order to obtain reproducible and accurate 
data. The use of an internal standard is desirable to 
compensate for changes in the ionization efficiency of 
the mass spectrometer. The reproducibility of this method 
has been determined to have relative standard deviation 
values ranging from + 10% to +_ 30% for different substances 
when replicate sampling cartridges were examined (60). 
The mass spectral data is stored on a computer disc 
during the gas chromatograph/mass spectrometer run and 
can be recorded onto magnetic tape for a permanent record. 
This allows each ambient air sample to be examined at 
any time and as often as necessary. Software programs 
provide plots and/or tables of the normalized spectra 
with background substracted from them and determine the 
probable identity of an unknown spectrum by best-fit 
spectral matches against reference data files of known 
compounds' mass spectra. 
Hydrocarbon Studies in Other Cities 
The impact of residential wood burning on ambient 
air quality was investigated in the small residential 
community of Petersville, Alabama, by R. E. Imhoff (31). 
An intensive field study was conducted from January 28 
through February 14, 1981, measuring ambient concentrations 
of the fine particulates, coarse particulates, polynuclear 
aromatic hydrocarbons, NO2, N0 X, SO2, SO4-2, and volatile 
organic during nine 6 to 8 hour periods. Ambient air 
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samples were collected on Tenax cartridges and analyzed 
to determine identity of principal volatile organic 
constituents. The gas phase concentrations of volatile 
organic constituents are shown in Table 1A of Appendix 
A. Imhoff concluded no ambient phenol or derivative 
compound could be identified which might be useful as 
a tracer of residential wood combustion-related emissions. 
Tenax operated effectively to trap low molecular weight 
volatile organic species (benzene to pyrene) without 
significant breakthrough when the trapping system was 
operated within the validated sampling limits of packed 
volume, temperature and flow. The results from this 
study indicated several low molecular weight compounds 
as the principal constituents of ambient wood combustion-
related emissions, e.g., benzene, phenol, and naphthalene. 
In a study in Houston, Texas, ambient air samples 
were collected in parallel, using Tenax GC as the sorbent, 
and collected for over a period of 15 months. The samples 
were collected from representative urban, industrial, 
and agricultural sites around Houston, Texas, by Bertsch 
et al. (11). The sampling tubes were glass tubes with 
dimensions of 110 mm x 10 mm o.d. and contained 4 ML of 
Tenax GC. The sampling rate was from 50 to 200 ML/min for 
most of the ambient air samples. The study identified 
over 100 organic constituents which were always found 
to be present in air samples. The concentration ranges 
16 
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The individual hydrocarbon concentrations at 
Wilmington, a rural site in Ohio, were measured in a 
study done by the Environmental Science Research Laboratory 
in 1974 (17). These data, consisting of 24-hour average 
concentrations calculated from ten 2-hour and four 1-
hour samples and measured by gas chromatography, are 
presented in Table 4A of Appendix A. The study found 
this area to be affected by the transport of polluted 
urban air masses and also influenced by local hydrocarbon 
point sources in surrounding communities. Nevertheless, 
they concluded that these data collected in the Ohio 
study are probably representative of many rural areas 
across the United States. 
Data representative of a major suburban area were 
obtained by Environmental Sciences Research Laboratory 
in the greater Boston area during the Northeast Oxidant 
Transport Study in 1975 (17). Air samples were collected 
from three sites: The suburban towns of Middleton and 
Medfield, and Chickatawbut Hill, which is an Audubon 
Society Preserve located about ten miles south of Boston. 
The individual hydrocarbon data, presented in Table 5A 
of Appendix A, were calculated from twelve 2-hour samples 
from each site. 
A statewide study was conducted on the volatile 
organic air pollutants in New Jersey by Harkou et al. 
(30). The major volatile pollutants identified consisted 
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of toluene, benzene, trichloroethylene, tetrachloroethylene, 
chlorobenzene, and xylene. Only toluene, benzene, and 
xylene had concentrations greater than 1 part-per-billion 
on a statewide basis. 
The atmospheric concentrations of the nonmethane 
hydrocarbons of Sydney, Australia, were investigated 
in 1982 by Nelson and Quigley (54). Sydney, a city of 
3.2 million people, has large emissions of hydrocarbons 
and a significant photochemical smog problem. Approximately 
150 samples were collected in the morning at a rate of 
200 ml./mm. for 10 minutes at sites representative of 
motor vehicle and industrial emissions. The air samples 
were concentrated in stainless steel traps packed with 
80-100 mesh Chromosorb 105 immersed in liquid nitrogen. 
The average atmospheric concentrations of the hydrocarbons 
regularly detected in Sydney's air are given in Table 6A 
of Appendix A. The hydrocarbons reported include alkenes 
(0.4-13 ppbv) alkanes (0.4-8 ppbv), cycloparaffins (0.2-
1.0 ppbv), and aromatics (0.3-9.0 ppbv) with their 
respective concentration ranges. It was concluded that 
the composition of Sydney's air is, in general, consistent 
with that found in cities in the United States. 
In a recently published survey, Graedal (25) has 
documented the detection in ambient air of more than 
1000 organic compounds. The ranges of ambient air 
concentration for gas-phase hydrocarbons are summarized 
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in Table 7A of Appendix A. These data are the result 
of a comprehensive survey of the open literature. The 
sources which account for the bulk (in terms of number 
of entries) of the detected, identified substances are 
gasoline vehicles, diesel vehicles, tobacco smoke, 
turbines, and vegetation. 
Halocarbons 
A cooperative U.S./U.S.S.R. field experiment was 
conducted in July, 1979, at the Caucasus Mountains of 
the U.S.S.R. and at a rural site in eastern Washington 
state to study the relative contributions of biogenic 
emissions and long-range transport of halocarbons and 
nitrous oxide to the aerosol of remote regions (16). 
The levels of nitrous oxide, CF2Cl2(F-12), CFCl3(F-ll), 
CH3CCI3 and CCI4 were measured on a continual basis by 
electron capture gas chromatography techniques. The 
descriptive statistics for the two sites are given in 
Tables 8A and 9A of Appendix A. They concluded that 
a local source for the five trace gases was influencing 
the sample sites during the study period and the patterns 
observed were dictated by a combination of emission rates, 
source locations relative to the sample air inlet, and 
meteorological considerations. Despite all this, some 
transport of these five trace gases to the study sites 
had been observed. 
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The concentrations of CH3CCI3 ,  CCl3F(F-ll), 
CC1 2F 2(F-12), CHClF 2(F-22), CH3CI, C2HC1 3 >  and CO were 
measured by Khalil and Rasrausson (35) at Pt. Barrow, 
Alaska, between August, 1980 and February, 1982 to 
determine the possible source of wintertime arctic haze. 
The maximum and minimum monthly concentrations of these 
trace gases are given in Table 10A of Appendix A. Khalil 
and Rasmusson concluded that these trace gases are emitted 
in industrialized and populated regions of the world 
and transported to the arctic by long-distance weather 
patterns. During the winter, faster transport of polluted 
air to the arctic is partly responsible for winter 
concentrations of trace gases which exceed their 
concentrations during other times of the year and for 
the occurrence of the arctic haze. 
Wood Combustion Emissions 
Unfortunately, not much research work on the identi­
fication of the low molecular weight pollutants produced 
from the combustion of wood has been reported. This 
is probably due to the following reasons: 1) the complex 
chemical nature of wood (different varieties of wood 
have different chemical composition); 2) the highly complex 
process of wood combustion which involves numerous pyrolysis, 
oxidation and reduction reactions; pollutants which are 
comprised of both gases and particulates; and 3) the 
fact that concentrations of pollutants are highly dependent 
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on the combustion parameters of the burning device. 
However, some studies have been done on various aspects 
of wood combustion to generate a representative list 
of pollutants produced from combustion of wood. 
The combustion of wood is a multistaged process 
involving heating and drying of the wood fuel, solid 
phase pyrolysis to volatiles and char, gas phase volatiles 
oxidations, and char oxidation. A conceptual model for 
wood fuel combustion is described in Figure 1 from Tillman 
(70). The moisture content of wood has a multifaceted 
role in its combustion. The moisture content increases 
the energy required to heat the wood fuel solid to pyrolysis 
temperature, increases the thermal conductivity of the 
fuel solid, and directs the solid fuel pyrolysis process 
toward increasing char production. The total air flow 
rate and temperature in the combustion zone of woodburning 
devices are the most important parameters controlling 
the combustion process; the lower the temperature and 
air flow, the higher the emissions of particulates and 
hydrocarbons in wood combustion. 
An assessment was made of emissions produced from 
residential fireplaces, woodstoves, and distillate oil 
and gas furnaces by Lips and Lim (39) in 1981. The 
comparison of the typical emissions from these residential 
heating sources are depicted in Table IB of Appendix 
B. The major pollutants are particulates, hydrocarbons, 
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FIGURE 1. The Conceptual Model of Wood Fuels 
Combustion (70). 
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polycyclic organic matter, carbon monoxide, nitrogen 
oxides, and sulfur dioxide. From examining Table IB, 
it is clear that residential fireplaces and woodstoves 
pollute significantly more than conventional oil and 
gas furnaces and that residential fireplaces and woodstoves 
emit substantial quantities of particulates, carbon dioxide, 
hydrocarbons, and polycyclic organic matter into the 
atmosphere. 
In a study done by Love and Bratzler (42), the carbonyl 
compounds of wood smoke were identified by collecting 
both whole smoke and vapor phase. A tentative list of 
compounds identified are given in Table 2B of Appendix B. 
Sakuma and Sugawara have conducted a series of 
studies on smoke from cigarettes packed with pure cellulose, 
investigating the low boiling compounds and particulate 
phase (36) and (65). The results of their studies are 
summarized in Tables 3B and 4B of Appendix B. 
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Sakuma and Sugawara also conducted a study on volatile 
products produced from pyrolysis of cellulose (64). 
The pyrolysis products are listed in Table 5B of Appendix 
B. 
A list of priority pollutants and carcinogenic 
compounds measured and observed in smoke from residential 
wood combustion sources was assembled by Cooper in an 
overview of the environmental impact of residential wood 
combustion emissions (15). This list of priority pollutants 
and carcinogenic compounds is given in Tables 6B and 
7B in Appendix B. 
Air quality effects of smoke from slash fire were 
investigated by Fritschen et al. (18). The list of compounds 
identified by gas chromatograph/mass spectrometry analysis 
of smoke samples from broadcast burning is given in Table 
8B of Appendix B. 
Motor Vehicle Emissions 
In a national estimation of volatile organic emission 
by source category for 1977, transportation was the major 
source of emissions in the United States (47). Motor 
vehicles remain the largest single category of contributors 
to atmospheric hydrocarbon burdens and accounts for 86 
to 87 percent of all volatile organic emissions according 
to E.P.A. data (47). 
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The major sources of volatile hydrocarbons and other 
organic compounds from gasoline-powered vehicles are 
crankcase blow-by emissions, carburetor evaporation emissions, 
fuel tank evaporative emissions, and exhaust emissions 
(1). Diesel vehicles emit volatile hydrocarbons and 
other organic compounds almost exclusively from the exhaust, 
because of low fuel volatility (40), (43). 
Evaporation emissions from automobiles, plus losses 
from gasoline marketing and storage, results in the presence 
of gasoline vapor components in all urban atmospheres. 
Therefore, it is worthwhile to look at the composition 
of gasoline and of gasoline vapor. Gasoline normally 
contains more than 200 hydrocarbon compounds, mainly 
in the C5 to C9 range. Alkanes and aromatics generally 
constitute the largest fraction, but olefins and naphthenes 
are also present. A summary of gasoline composition 
data is given in Table 9B of Appendix B (6) while the 
mean volume percentage of gasoline vapor is shown in 
Table 10B of Appendix B (6). These values were 
determined from weighted averages of gasoline blending 
stocks and vapor pressures of respective compounds. 
The exact composition of the evaporative emissions depends 
on the composition of the gasoline, the temperature it 
reaches in the carburetor, the fuel tank, the storage 
tank, and during the delivery of gasoline, and the degree 
of prior evaporation (72). 
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Exhaust emissions from gasoline-powered vehicles 
typically contain hydrocarbons from fuel components, 
low molecular weight compounds (methane, ethane, ethylene, 
acetylene, propylene, and C4 olefins), aromatics (benzene, 
toluene, xylene) and oxygenated organic compounds (alde­
hydes, ketones, alcohols, ethers, esters, acids and phenols) 
(33), (72). The concentration of these oxygenates in 
exhaust is about one-tenth that of the total hydrocarbon 
concentration (33). A list of the predominant hydro­
carbons in auto exhaust is presented in Table 11B of 
Appendix B (72). As this table shows, methane, ethylene, 
and acetylene are major hydrocarbons in exhaust emission. 
Diesel exhaust emission consists of a gas-phase 
hydrocarbon fraction and a particulate fraction. The 
gas-phase hydrocarbon fraction of diesel exhaust is composed 
of light, cracked hydrocarbons (methane, ethane, propane, 
ethylene, acetylene, propylene and smaller amounts of 
C4,  C5 and C6 olefins), C^-Cg aldehydes (including acrolein), 
acetone, aromatics (benzene, toluene, xylenes, and alkylated 
benzene derivatives), and heavy fuel-like components 
ranging from C^Q to C40 organics (40). 
A recent study was conducted on the hydrocarbon 
gases emitted from motor vehicles on the road in the 
Alleghany Mountain Tunnel of the Pennsylvania Turnpike 
by Hampton et al. (28). This study was comprehensive 
in determining the gas-phase hydrocarbons generated by 
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motor vehicles in highway operation because the sole 
source of hydrocarbons detected was motor vehicles and 
because the hydrocarbons detected were representative 
of both gasoline and diesel motor vehicle emissions. 
The air samples were collected on Tenax GC polymer 
adsorbent and analyzed by glass-capillary gas chromato-
graphy/mass spectrometry. Approximately 300 vehicle-
generated hydrocarbon compounds were identified. These 
compounds fall largely into homologous series of normal 
and branched alkanes, alkenes, various alkylated series 
of cyclopentane, cyclohexane, benzene, styrene, indene, 
naphthalene, and nonhomologous series of indene, divinyl-
benzene, phenylacetylene, benzaldehyde, phenol, and a 
few halocarbons. A complete list of hydrocarbons 
identified in this study is given in Table 12B of Appendix 
B. 
CHAPTER 3 
METHODS AND MATERIALS 
Sampling Apparatus and Procedure 
The gas-phase and particulate samples were collected 
by adsorption on Tenax GC, a 2,6-dipheny1-p-phenylene 
oxide polymer, and 13X molecular sieve, an alkalimetal-
aluminosilicate. The traps consisted of a glass tube 
(10 mm o.d. x 62 mm) packed with approximately 0.25 g of 
60/80 mesh Tenax GC and 0.70 g of mesh 13X molecular 
sieve held in place by heat-treated silanized glass wool. 
Each trap had a 6-inch space between the Tenax GC and 
13X molecular sieve materials. The sampling traps are 
described schematically in Figure 2. 
Prior to sampling, each packed trap was conditioned 
by heating in a nitrogen stream (20 ml/min) at 325°C 
for approximately 8 hours and then allowed to cool to 
room temperature with nitrogen gas still flowing. The 
conditioned traps were sealed with paraflim and stored 
in a cardboard container. After sampling, the traps 
were sealed with Parafilm, placed in cardboard containers, 
and stored at -20°C until analysis. 
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FIGURE 2. Schematic Diagram of the Sampling Trap. 
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The air sampler consisted of a vane pump from an 
old particulate sampler and a plywood housing which encased 
the glass traps and flow meters. The air sampler is 
shown schematically in Figure 3. The air sampler was 
designed to draw two parallel streams of air at a range 
of 50-300 ml/min. The ambient air was first pulled through 
the Tenax GC adsorbent and then through the 13X molecular 
sieve material. The purpose of the 13X molecular sieve 
was to absorb any of the low molecular weight gases which 
might have escaped from the Tenax GC adsorbent. 
The sampling period was 24 hours and at an average 
sampling rate of 100 ml/min at both sampling sites. 
The sampling rate was set within a range of 50-300 ml/min 
on several of the sampling dates. The purpose of changing 
the sampling rate was to see if the flow rate had an 
effect on the concentration and composition of the organic 
compounds collected. 
Traps designated as controls were carried to the 
sampling sites, but not used for sampling, and then stored 
at -20°C with the other traps that had been used for 
sampling. Other traps were designated as blanks and 
analyzed after being conditioned, as described previously. 
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FIGURE 3. Schematic Diagram of the Air Sampler. 
Sampling Site and Collection 
Between January and May of 1983, duplicate air samples 
were collected from each of two sites in Missoula. The 
location of the two sampling sites are shown in Figure 4. 










Rose Lawn Park air monitoring station was chosen 
as the ambient sampling site for several reasons. It 
serves as the primary site for Missoula's particulate 
sampling program, contains a meteorological station, 
lies in the geographic population center of the city, 
and is the most representative air monitoring station 
in the Missoula airshed. Rose Lawn Park air monitoring 
station lies in the urban area of the city, bordering 
both residential and commercial sectors, at the inter­
section of Franklin and Blaine. 
In a 1979-80 survey, the Air Quality Unit staff 
found that approximately 40% of the homes within a one-
mile radius of Rose Lawn Park air monitoring station 
actually used their residential woodburning devices during 
the winter months (45). A field survey in 1982 determined 
that about 66% of the houses within a 1/8-mile radius 
of the Rose Lawn Park site were equipped with chimneys 
suitable for use with residential wood-burning devices 
(45). Brooks Street abuts the site on the northwest 
side of the park. Brooks Street is part of U. S. Highway 
93 and handles a very heavy traffic load. The most recent 
count shows Brooks Street used by over 13,000 motor vehicles 
per day (45). A gasoline service station is located 
1 1/2 blocks northeast from the Rose Lawn Park site on 
the corner of Brooks and Beckwith Streets. The park 
contains scattered conifers and deciduous trees and a 
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large cultivated rose garden. All these factors contribute 
to the organic gases and particulate matter collected 
at the Rose Lawn Park site. 
Duplicate air samples were obtained every three 
days during the months of January, February, March and 
April at Rose Lawn Park site. Air samples were also 
collected during this period on days when the total 
suspended particulate level was greater than 100 mg/m^ 
The purpose of collecting air samples on these days was 
to monitor the air quality during the worst air pollution 
episodes. However, only two air samples were obtained 
during the month of April due to the warming climatic 
conditions signifying the end of winter and of the use 
of residential woodburning devices for heating purposes. 
Malfunction Junction air monitoring station was 
the second air sampling site used for this study. This 
sampling site was chosen to monitor pollutants primarily 
emitted from motor vehicles. The Malfunction Junction 
site is situated on the southeast corner of the busy 
intersection of South, Brooks, and Russell Streets. 
The Malfunction Junction site is centrally located in 
the south commercial sector of the city. 
Approximately 44,000 motor vehicles pass through 
the intersection daily (42). Four gasoline service stations 
are located within a one-mile radius of the Malfunction 
Junction site. The businesses within a one-mile radius 
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of the sampling site consist of one shopping center, 
several fast food businesses, and other small businesses. 
The Missoula County fairgrounds abuts Malfunction Junction 
site on the southeast side. The exact number of residential 
woodburning devices in the area of this sampling site 
is presently unknown but is expected to be a very 
insignificant number. These are the important factors 
which might influence the air quality around the 
Malfunction Junction sampling site. 
Duplicate air samples were obtained during the month 
of May at the Malfunction Junction site. Ambient air 
samples were collected every third day, starting on the 
10th day of May, at the site. 
Gas Chromatography/Mass Spectrometry 
All ambient air samples, controls, and blanks were 
analyzed by a gas chromatograph/mass spectrometer, with 
thermal deadsorption used to recover the sample from 
the Tenax GC and molecular sieve adsorbents. Standards 
composed of alkanes, aromatic hydrocarbons, halocarbons, 
alkenes, cycloparaffins, and oxygenated hydrocarbons 
were analyzed by gas chromatography/mass spectrometry 
using liquid injection. 
The main components of the gas chromatographic/mass 
spectrometic instrumentation were as follows: 1) a 
Hewlett-Packard 5985 capillary gas chromatograph; 2) a 
Hewlett-Packard 5992 quadrapole mass spectrometer; and, 
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3) a Hewlett-Packard software system. The gas chromatographic 
column was a 60 m x 0.249 mm i.d. J&W fused silica capillary 
column (I.D.#09070). The liquid phase of the column 
was a DB-5 (5% phenyl and >1% vinyl) with a film thickness 
of 1 )im. 
The delivery of the air sample to the gas chromato-
graph column was accomplished by an injection technique 
developed by R. Been at Battelle N.W. (9). The injection 
technique was made up of a gas injection needle attached 
to the trap by a Swagelock union and a helium supply 
line connected to the other end of the trap by a Swagelock 
union. Thermal deadsorption from the Tenax GC and molecular 
sieve adsorbents was conducted by flushing the trap at 
300°C in a 15 ml/min flow of helium for 2 minutes into 
the injection port of the gas chromatograph. A schematic 
diagram of the appartus technique is shown in Figure 5. 
Prior to injection of an ambient air sample into the 
gas chromatograph/mass spectrometer, the trap was broken 
in half, separating the Tenax GC portion from the molecular 
sieve portion. Efficient deadsorption was confirmed by 
repeating the injection process on a few of the deadsorbed 
traps. 
The chromatographic column was held at -20°C for 5 
minutes and programmed to 280°C at a rate of 5.0°C/min. 
Helium served as the carrier gas. The column head pressure 
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was maintained at 25 psi. The injection port temperature 
was set at 200°C. The auxiliary and TCD temperatures 
were held at 250°C. The column effluent was coupled 
directly to a mass spectrometer source by a glass-lined 
transfer line. 




The mass spectrometer was scanned linearly from 
10 to 280 amu with a total magnetic cycle time of 1.0 
second. The instrument was operated under standard 
electron-impact conditions. A scan delay of 2 minutes 
was used on each run. 
The concentrations of the hydrocarbons detected 
were determined by comparison with injected standard 
solutions. Standard solutions were prepared using nanograde 
diethyl ether as the solvent and reagent grade hydrocarbons. 
Several representative compounds from each class of hydro­
carbons identified in the air samples were used in 
preparation of the standard curves. The classes of hydro­
carbons identified consisted of alkanes, alkenes, aromatics, 
halogenates, cycloparaffins, and oxygenates. The standard 
solutions were analyzed by the gas chromatograph/mass 
spectrometer using liquid injection. The gas chromato-
graphic/mass spectrometic conditions were identical to 
ones used for analysis of the air samples except that 
the splitless mode was used with the gas chromatograph 
and the temperature program was from 20°C to 150°C at 
the rate of 10°C/min. 
Compound Identification 
The hydrocarbons detected in the ambient air samples 
were identified by using programs available through the 
software system of the gas chromatograph/mass spectrometer. 
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A peak-finding routine was used in conjunction with a 
background subtraction routine to obtain the mass spectrum 
data of each chromatographic peak. A library search 
routine matching the unknown spectra against the EPA/NIH 
Mass Spectral Data Base was used to identify the unknown 
compound tentatively. Positive identification was based 
on best probability to fit of the known mass spectra 
to the unknown mass spectra and by visual inspection 
of the unknown spectra and known spectra. A conservative 
approach was used in identifying the unknown spectra. 
It should be noted here that mass spectral analysis by 
itself is not sufficient for absolute identification; 
additional criteria are needed. However, no additional 
criteria was used in the identification of the unknown 
compounds in this study, due to financial reasons and 
the lack of additional instrumentation. 
Statistical Analysis 
SPSS, Statistical Package for the Social Sciences, 
was employed for the statistical analysis of the data. 
Condescriptive, SCSS (SPSS Conversational Statistical 
System), T-Test, Barchart, Line Plot, Geometric Mean, 
and Relative Standard Deviation programs were used to 
investigate the relationships between concentration, 
physical parameters, air quality, and weather data. 
The following variables were used in the statistical 
analysis: 
CONC - concentration of the compound, yg/m^ 
SIDE - the side on which the trap was placed 
on the air sampler 
DATE - date the sample was collected 
FLOW - flow rate of air passing through the 
trap, ml/min 
TEMP - average daily temperature, °C 
PREC - total daily precipitation, in 
WIND - average daily wind speed, m/s 
MWV - maximum daily wind speed, m/s 
DIR - daily wind direction 
TSP - total suspended particulate load, yg/m^ 
RSP - respirable suspended particulate load 
(particles <10 um. in diameter), yg/m^ 
CLASS - the class of hydrocarbon 
INV - inversion of the airshed, yes or no 
The comparison between concentration and total suspended 
particulate was done on ten dates when the roads were 
not dry and dusty around the two sampling sites. 
CHAPTER 4 
RESULTS 
No results from the molecular sieve portions of 
the ambient air samples will be reported; only H2O and 
CO2 were detected from the analyses of seven of the 
molecular sieve portions of the ambient air samples 
collected. Therefore, all the results presented in this 
section pertain only to the analyses of the Tenax GC 
portion of the air samples collected at Rose Lawn Park 
and Malfunction Junction monitoring sites. NOTE: The 
concentration values reported in the results have an 
accuracy of "one significant figure" due to the 
reproducibility and precision of the instrumentation 
and the assumption used in the calculation of the 
concentration. 
Chromatographic results from typical total ion current 
outputs of mass spectrometer scans for a typical day 
sampled in the winter and spring at Rose Lawn Park and 
May at Malfunction are shown in Figures 6-8. The winter 
chromatogram was taken from an air sample collected on 
January 16, 1983. The total suspended particulate load 
was 239.1 yg/m^ for this day, which was the highest level 
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FIGURE 6. Chromatogram of the Air Sample Collected on 
January 16, 1983 at the Rose Lawn Park Site. 
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FIGURE 7. Chromatogram of the Air Sample Collected on 
March 13, 1983 at the Rose Lawn Park Site. 
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FIGURE 8. Chromatogram of the Air Sample Collected on 
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obtained during the sampling period; on this date, 
temperature inversion was present, wind speed was light, 
and no precipitation fell. The air sample collected 
on March 13, 1983, was used to represent a typical spring 
chromatogram from Rose Lawn Park; on this day the total 
suspended particulate load was 42.9 yg/m^, no temperature 
inversion was present, and light rain fell. The chromato­
gram representative of air samples obtained at Malfunction 
Junction was collected on May 25, 1983; the total suspended 
particulate load was 126.6 pg/m^, no precipitation fell, 
and no temperature inversion was present on this day. 
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A paired t-test was performed on air sample dates 
with complete analysis of data for both duplicate samples. 
The sample dates used in this statistical analysis were: 
January 16th, 22nd, and 31st; February 2nd and 27th; 
March 5th, 13th, and 16th; and May 13th and 25th. The 
paired t-test showed that the quantity of material collected 
on side 1 was greater then side 2 of the air sampler 
for six of the ten dates and seven dates had a two-tail 
probability of less than or equal to 0.001 (Table 2). 
These results determined that the quantity of material 
collected on side 1 was significantly different from 
side 2. Because of this finding, it was decided that 
the trap which had the greatest quantity of material 
collected on it would be used to represent the data for 
these sampling dates. This was decided because lower 
quantity of material collected on one side was probably 
due to a lower collection efficiency of the trap than 
that of the other side. 
Figures 9-12 depict bargraphs of the concentrations 
of six hydrocarbon classes versus the sample dates for 
the periods of January, February, March and April, and 
May. These bargraphs exhibit the general trend of a 
decrease in the concentration of the hydrocarbon classes 
with time. The unusually high concentration levels for 
alkane, halocarbon, cycloparaffin, alkene, and oxygenate 
classes on February 27th were probably due to excellent 
TABLE 2 
T-Test: Concentration of compounds in side 1 














































































55 -0.56 0.579 
Side 1 0.070 0.526 
May 256 73 0.S5 0.583 
Side 2 0.066 0.519 
^Geometric mean values 
^Standard deviation 
^Number of cases 
^T-value 
^Samples collected at Malfunction Junction 
6Ibid. 
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FIGURE 9. Bargraph of the concentrations of six hydro­
carbon classes versus the sample dates for 
the period of January. 
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FIGURE 10. Bargraph of the concentrations of six hydro­
carbon classes versus the sample dates for 
the period of February. 



















FIGURE 11. Bargraph of the concentrations of six hydro­
carbon classes versus the sample dates for 
the period of March and April. 
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FIGURE 12. Bargraph of the concentrations of six hydro­
carbon classes versus the sample dates for 
the period of May. 
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efficiency in the collection and recovery of the low 
boiling compounds in these classes. For examples, n-
butane, 2-methylbutane, and n-pentane comprised, by weight 
approximately 40% of the 22 alkanes detected, and 90% 
by weight of the oxygenated hydrocarbons were from diethyl 
ether and 1,2-dimethoxyethane. 
The computed geometeric mean values of each of the 
compounds identified for the periods of January, February, 
March, April, and May are given in Tables 3-8. The geo­
metric mean values reported are based on eight air samples 
collected at Rose Lawn Park for the period of January, 
seven air samples collected at Rose Lawn Park for the 
period of February, eight air samples collected at Rose 
Lawn Park for the period of March and April, and six 
air samples collected at Malfunction Junction for the 
period of May. Styrene and n-nonane were detected in 
the air samples throughout the sampling. However, no 
results were reported for these compounds because they 
had the same retention times, and the software system 
was unable to single out the area for each compound in 
the chromatographic peak. Over 90% of the compounds 
reported in the geometric mean tables had higher 
concentration levels during the wintertime than the 
springtime. This observation supports the trend seen 
in the bargraphs with the six hydrocarbon classes' 
concentrations. Over 80% of the alkane, cycloparaffin, 
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TABLE 3 
Ambient Alkane Concentrations in Missoula (yg/m3)1 
Compound January2 February3 March-April^ Ma£-
2-methylbutane 0.050 0.12 0.038 0.008 
n-pentane 0 . 3 8  0 . 2 7  0 . 0 6 8  0 . 0 1 8  
2-methylpentane 0.30 0.31 0.15 ?*2cc 
3-methylpentane 0.20 0.29 9'i? n*n77 
n-hexane 0.54 0.70 0.25 0.077 
2-methylhexane 0.37 0.42 5*i?Q HL 
2.3-dimethylpentane 0.040 0.11 0.048 
3-methylhexane 0.44 0.40 0.16 
isooctane 0.92 0.58 2*11 
n-heptane 1.50 0.89 0.56 0.28 
2.5-dimethylhexane 0.052 0.045 0.035 
2.4-dimethylhexane 0.060 0.064 0.054 9*9?? 
2.3-dimethylhexane 0.069 0.057 0.044 
2-methylheptane 0.42 0.34 9*}? Ml 
4-methylheptane 0.13 0.12 5*oo 
3-methylheptane ND^ ND 0.30 
n-octane 0.50 0.42 ?'no7 n#n?A 
2.4-dimethylheptane 0.048 0.046 0.037 9*5? 
2.6-dimethylheptane 0.059 0.053 0.037 
2.5-dimethylheptane 0.11 0.064 0.035 
2-methyloctane 0.45 0.33 9*i5, 
3-raethyloctane 0.33 0.24 0.094 
trimethylhexane 0.097 0.036 0.022 0.022 
tetramethylhexane 0.081 0.062 0.009 
2.5-dimethyloctane 0.065 0.049 0.019 0.0«-3 
2.7-dimethyloctane 0.025 0.017 0.018 ND 
2.6-dimethyloctane 0.039 0.080 0.021 ND 
2,3-dimethyloctane 0.038 0.032 0.024 0.047 
2-methylnonane 0.062 0.091 0.048 0.044 
5-methylnonane 0.013 0.018 0.011 n'ncn 
4-methylnonane 0.12 0.091 0.049 
Cin-alkane 0.020 0.022 0.033 0.038 
n—decane 0.27 0.31 0.21 0.11 
methyldecane 0.15 0.046 0.094 0.043 
n-dodecane 0.045 0.056 0.12 0.021 
^Geometric mean values 
2Based on 8 samples at Rose Lawn Park 
3Based on 7 samples at Rose Lawn Park 
^Based on 8 samples at Rose Lawn Park 
5Based on 6 samples at Malfunction Junction, 1983 
6ND * not detected 
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^Geometric mean values 
2Based on 8 samples at Rose Lawn Park 
^Based on 7 samples at Rose Lawn Park 
^Based on 8 samples at Rose Lawn Park 
^Based on 6 samples at Malfunction Junction, 1983 
*>ND » not detected 
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TABLE 5 
Ambient Cycloparaffin Concentrations in Missoula (pg/m3)l 
Compound January 2  February3 March-April^ May 5 
methylcyclopentane 0.24 0.25 0.10 0.068 
1,3-dimethylcyclopentane 0.034 0.050 0.027 0.039 
methylcyclohexane 0.15 0.17 0.064 0.057 
ethylcyclopentane 0.076 0.061 0.028 0.025 
dimethylcyclohexane 0.027 0.030 0.026 0.018 
ethylmethylcyclopentane 0.062 0.049 0.050 0.028 
ethylmethylcyclopentane 0.024 0.020 ND6 0.011 
dimethylcyclohexane 0.022 0.023 0.016 0.011 
ethylcyclohexane 0.030 0.034 0.030 0.22 
ethylmethylcyclohexane 0.024 0.015 0.010 0.004 
TABLE 6 
Ambient Halocarbon Concentrations in Missoula (yg/m^)1 
Compound January2 February3 March-April^ May5 
Freon 11 0.047 0.35 0.046 ND6 
diehioromethane 0.55 0.17 0.60 0.040 
trichloromethane 0.50 0.15 0.085 ND 
tetrachloroethane 0.44 0.19 0.13 0.041 
chlorobenzene 0.050 0.031 0.016 0.012 
dichlorobenzene 0.021 0.030 0.022 0.020 
l-Geometric mean values 
2Based on 8 samples at Rose Lawn Park 
3Based on 7 samples at Rose Lawn Park 
^Based on 8 samples at Rose Lawn Park 
^Based on 6 samples at Malfunction Junction, 1983 
6ND • not detected 
TABLE 7 
Ambient Alkene Concentrations in Missoula (pg/m3)l 
Compound January2 February3 March-April4 May 5 
methylpentene 0.17 0.062 0.015 ND6 
2-hexene 0.11 0.11 0.042 ND 
3-methyl-2-hexene 0.16 0.16 0.091 ND 
3-heptene 0.092 0.057 ND 0.041 
4-methyl-2-hexene 0.071 0.070 0.079 ND 
2-heptene 0.10 0.076 0.022 ND 
2-methy1-1-heptene 0.050 ND ND ND 
2-methyl-3-heptene 0.13 ND ND 0.11 
2-octene 0.044 0.090 ND ND 
Cg-alkene ND 0.087 0.074 0.004 
TABLE 8 
Ambient Oxygenate Concentrations in Missoula (jjg/m3)* 
Compound January2 February3 March-April4 May 5 
diethyl ether 0.71 0.67 ND6 ND 
2,3-butadione 0.19 0.11 0.12 ND 
2-butanone 0.65 0.16 ND ND 
tetrahydrofuran 0.88 ND ND ND 
2-butenal ND 0.17 0.089 ND 
1,2-dimethoxyethane 0.26 0.20 ND ND 
2,3-pentanedione 0.023 0.063 ND ND 
2,5-dimethyIfuran 0.092 ND ND ND 
2-hexanone 0.16 0.56 ND ND 
furfural 0.31 0.49 0.24 ND 
propyl phenyl ether 0.076 0.062 0.073 0.023 
benzofuran 0.049 0.035 0.023 0.015 
C3-alkyl phenyl ether 0.054 0.034 0.088 ND 
methylbenzaldehyde 0.017 0.033 0.013 ND 
^Geometric mean values 
2Based on 8 samples at Rose Lawn Park 
3Based on 7 samples at Rose Lawn Park 
4Based on 8 samples at Rose Lawn Park 
^Based on 6 samples at Malfunction Junction, 1983 6ND - not detected 
and aromatic compounds were detected throughout the 
sampling period. The occurrences of the alkene and 
halocarbon compounds were variable throughout the study. 
Seasonal effects were exhibited in the concentration 
levels and the occurrence of 2,3-butadione, 2-butanone, 
tetrahydrofuran, 2-butanal, 2,3-pentanedione, 2,5-dimethyl 
furan, and furfural. 
The contributions of the various sources to the 
total volatile organic level were estimated using a 
percentage-by-weight calculation. The sources were 
categorized into five groups: Transportation, residential 
wood combustion, organic solvents, commercial, and 
miscellaneous. The transportation category represents 
emissions from diesel vehicles, leaded and unleaded 
gasoline vehicles, and service stations. The residential 
wood combustion group is comprised of volatile organic 
and particulate phase compounds known to be emitted from 
the combustion of wood. The organic solvents source 
consists of commonly used solvents in the commercial 
and residential sectors. Emissions from the normal 
operations of commercial businesses make up the commercial 
/ 
category. The miscellaneous source group consists of 
compounds which could not be classified in any of the 
other source groups. The source of each of the organic 
compounds identified in this study are given in Table 9. 
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2-methylbutane 28 benzene 6,28,71 
n-pentane 6,28,71 toluene 6,28,71 
2-methylpentane 6,28,71 ethylbenzene 6,28 
3-methylpentane 6,28 xylenes (o,ra,p) 6,28,71 
n-hexane 6,28,71 n-propylbenzene 6,28 
2-methylhexane 6,28 ethylmethylbenzene isomers (3) 6,28 
2,3-dimethylpentane 6,28 trimethylbenzene isomers (3) 6,28 
3-raethylhexane 6,28 isobutlybenzene 28 
isooctane 6,28,71 see-butylbenzene 28 
n-heptane 6,28 methylisopropylbenzene isomers (3) 28 
2,5-dimethylhexane 6,28 indan 28 
2,4-dimethylhexane 6,28 diethylbenzene isomers (2) 28 
2,3-dimethylhexane 6,28 methyl-n-propylbenzene isomers (3) 28 
2-methylheptane 28 ethyldimethylbenzene isomers (6) 28 
4-methylheptane 28 1-methyl indan 28 
3-methylheptane 28 C5-alkylbenzene isomers 28 
n-octene 6,28 Alkenes 
2,4-diraethylheptane 28 2-hexene 28 
2,6-dimethylheptane 28 2-heptene 28 
2,5-dimethylheptane 28 methylpentene isomer 57 
2-methyloctane 28 3-heptene 57 
3-methyloctane 28 2-octane 57 
trimethylhexane isomer 6,28 Cycloparaffins 
2,5-dimethyloctane 28 methylcyclopentane 6 
2,7-dimethyloctane 28 1,3-dimethylcyclopentane 28 
2,6-dimethyloctane 28 methylcyclohexane 6,28 
2,3-dimethyloctane 28 ethylcyclopentane 28 
4-methylnonane 28 dimethylcyclohexane isomers 28 
n-decane 28 ethylmethylcyclopentane isomers 28 
methyldecane isomer 28 ethylcyclohexane 28 


















































































































Benzene, toluene, xylenes (o,m,p), ethylbenzene, 
naphthalene, and 1-methylnapthalene are found among both 
wood combustion and transportation emissions. For these 
compounds, the May levels were used to represent the 
quantities emitted from the transportation source, and 
the quantities emitted from residential wood combustion 
were represented by the difference between the levels 
determined for a given sampling period and the May levels. 
The results of the sources' contributions are shown 
in Table 10. Transportation-related emissions, which 
ranged from 60% for January to 79% for March-April, were 
the largest source of the volatile organics during the 
sampling period. Residential wood combustion emissions 
were the highest during January (28%) and February (23%) 
and tapered off during March and April (7.2%). Throughout 
the sampling period, miscellaneous emissions were fairly 
constant with a range of 2.9%-4.4%. The organic solvent 
emissions were quite variable throughout the sampling 
period with values of 3% for January, 6.2% for February, 
and 8.0% for March and April. The commercial emissions 
were the highest for January (3%) and declined steadily 
during the remainder of the sampling period. 
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TABLE 10 
Estimates of Volatile Organic Emissions, By Source Category1 
January2 February2 March-April^ 
Transportation emissions 60% 64% 79% 
Wood combustion emissions 29% 23% 7.1% 
Organic solvent emissions 6.3% 6.3% 8.0% 











^Based on weight per weight ratios 
2For Rose Lawn Park site 
Statistical Analysis 
esults from investigations of the correlations 
lity, air sampler, and weather variables with 
tration of six hydrocarbon classes are given 
1. The following variables were used in this 
1 analysis: 1) FLOW, flow rate of the air 
TEMP, average daily temperature; 3) PREC, 
ipitation; 4) AWS, average daily wind speed; 
ximum daily wind speed; 6) TSP1, daily total 
particulate load; 7) TSP2, daily total suspended 
e value on days without dry and dusty road 
; and 8) RSP, daily respirable suspended 
e level. The p value at which to accept or 
null hypothesis was chosen at p < 0.1 for 
The r 
of air qua 
the concen 












Correlation of air quality, trap, and weather variables with concentration 





























































































iNuraber of cases 
^Correlation coefficient 
3Flov rate of the sampler, ml/min. 
^Significance of correlation 
^Average daily temperature 
6Daily precipitation, inches 
^Maximum daily wind speed, m/s 
®Total suspended particulate, Ug/m^ 
^TSP value on days without dry and dusty conditions 






this analysis. For this statistical analysis, a p value 
of <0.1 is taken to indicate a trend, a p value of .05 
is significant correlation, a p value of <_ .01 is highly 
significant correlation, and a p value of <_ .001 is very 
highly significant correlation. 
No signifiant correlation between hydrocarbon classes' 
concentrations and flow rate setting of air sample (ml/min) 
was found using FLOW as the variable (p > 0.1). This 
analysis answered the question about the effects of flow 
rate on concentration and composition of hydrocarbons 
collected at Rose Lawn Park and Malfunction Junction 
sites. 
Using TEMP as the variable revealed a significant 
inverse correlation among average daily temperature (°C) 
and concentrations of alkane, cycloparaffin, and alkene, 
(p < .05, r -.4) and a trend with oxygenated hydrocarbon 
classes. The negative value of correlation coefficients 
(r) revealed an inverse relationship between average 
daily temperature and hydrocarbon classes' concentrations. 
The null hypothesis was accepted for analysis of aromatic 
and halocarbon classes' concentrations with average daily 
temperature (p > 0.1). 
The analysis with PREC as variable exhibited no 
significant correlation (p > 0.1) between hydrocarbon 
classes' concentrations and daily precipitation (in). 
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This result indicated that precipitation had no appreciable 
cleansing action on the hydrocarbon classes' ambient 
concentrations. 
The aromatic and oxygenate concentrations were highly 
significant (p C.01) and very highly significantly (p <.001) 
inversely correlated with maximum daily wind speed (MWS). 
The maximum daily wind speed (MWS) had significant inverse 
correlations (p ^.05) with concentrations of cycloparaffin 
and alkene classes. The p value of 0.109 suggests an 
inverse trend for alkane concentration with maximum daily 
wind speed (MWS). No significant correlation was determined 
between halocarbon concentration data and maximum daily 
wind speed (p > 0.1). In general, these results demonstrate 
that the highest concentration values of the hydrocarbon 
classes occurred simultaneously with days of no or light 
wind. 
The analyses on the correlation of total suspended 
particulate and respirable suspended particulate data 
with hydrocarbon classes' concentration data was done 
using TSP1, TSP2, and RSP as the variables. The analyses 
were performed on air sample data collected only at the 
Rose Lawn Park site. Therefore, the results from these 
analyses pertain only to the Rose Lawn Park site and 
do not reflect the correlations between these variables 
at the Malfunction Junction site. 
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The total suspended particulate (TSP1) was 
significantly correlated (p .05) with the concentration 
data of cycloparaffin and oxygenate classes. A trend 
(p = .109) was suggested for aromatic concentrations 
and total suspended particulate (TSP1). The alkane, 
halocarbon, and alkene concentrations were not correlated 
with the total suspended particulate (TSP1), (p > .1). 
For the sampling dates without dry and dusty road 
conditions, an analysis was performed on total suspended 
particulate (TSP2) with the hydrocarbon classes' levels. 
The reason for removing days with dry and dusty road 
conditions was that the total suspended particulate values 
for these days were believed to be due almost entirely 
to fugitive dust from the winter sanding of paved roads 
around the site and not representative of wood burning 
emissions. A very highly significant correlation was 
found for oxygenate concentrations with total suspended 
particulates (TSP2) values (p <_ .001). The total suspended 
particulates (TSP2) was significantly correlated (p .05) 
with halocarbon concentrations. The alkane and cycloparaffin 
concentrations exhibited a trend (p .1) to increase total 
suspended particulate (TSP2) values. The p value of .125 
for aromatic concentration with total suspended particulate 
(TSP2) suggest a possible trend between the two variables. 
The analysis of alkene concentrations with total suspended 
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particulate (TSP2) did not suggest a trend of association 
(p > 0.1). 
The respirable suspended particulates matter levels 
(RSP) were not correlated with concentration data of 
alkane, halocarbon, cycloparaffin, alkene, and oxygenated 
hydrocarbon classes (p > 0.1). The aromatic concentration 
levels tend to increase (p < 0.1) with the respirable 
suspended particulates matter. Although this result 
was not a significant correlation (p > 0.05), it suggests 
a possible association between respirable suspended parti­
culate matter levels (RSP) and the aromatic chemical 
class concentration measurements. 
The difference between the average concentrations 
of the six hydrocarbon classes for sample dates during 
an inversion episode versus sample dates without an 
inversion episode were evaluated using a paired t-test 
analysis for the two types of days. The result of the 
paired t-test is given in Table 12. The concentration 
values of six hydrocarbon classes collected on days with 
inversion episode were paired with the concentration 
values of six hydrocarbon classes collected on days without 
an inversion episode. The data of hydrocarbon classes' 
concentration measurements used in this analysis was 
from Rose Lawn Park and Malfunction Junction sites. 
The two-tail probability value (p = 0.02) showed that 
a very highly significant difference exists between the 
inversion group and non-inversion group. The mean value 
of the two groups revealed that the inversion group value 
was approximately 2.5 times larger than that of the non-
inversion group. 
TABLE 12 
T-Test: Concentration of hydrocarbon classes during an 
inversion vs. concentration of hydrocarbon classes not 
during an inversion at Rose Lawn Park and Malfunction Junction 
Hydrocarbon Concentrations Paired T -Test 
Sampling Type of 
Nb 
Two-tail 
Period Day Mean S.D.a T-Value dfc Prob. 
Inversion 6.286 7.435 60 
Jan.-May 3.56 5 0.02 
No Inversion 2.449 3.620 54 
aStandard deviation 
^Numb er of cases 
cDegrees of freedom 
The relationship of average daily wind direction 
on the concentration levels of hydrocarbon classes at 
Rose Lawn Park and Malfunction Junction sites was 
investigated using a one-way analysis of variance; the 
results of this analysis are given in Table 13. The 
direction compared in this analysis consisted of variable 
wind direction; dominant wind from the north; dominant 
wind from the northeast; dominant wind from the east. 
The one-way analysis of variance results (F-ratio = 0.27, 
F-prob = 0.847) showed that hydrocarbon concentrations 
did not differ by average daily wind direction. 
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TABLE 13 
Analysis of Variance: Comparison of wind direction and concentration 
of compounds at Rose Lawn Park and Malfunction Junction 
Hydrocarbon Concentrations Analysis Variance 
Sampling Wind 
Period Direction3 Mean S.D.b Nc F-ratio F-prob. 
WDIR 1 6.067 15.309 42 
WDIR 2 4.384 5.436 24 
Jan.-May 0.270 0.847 
WDIR 3 5.266 7.477 36 
WDIR 4 3.290 3.744 12 
aDirection wind coming from 
^Standard deviation 
cNumber of cases 
A threshold level of 0.02 inches of daily precipi­
tation was used to evaluate the effect of precipitation 
possibly reducing the concentration of hydrocarbon classes. 
The analysis was performed on the concentration levels 
of six hydrocarbon classes between days when daily 
precipitation value was 0.02 inches and days when daily 
precipitation value was > 0.02 inches using a paired 
t-test. The result of this analysis is given in Table 14. 
No significant difference was determined to exist between 
the two types of days (p > 0.1). This result confirms 
the result from the previous statistical analysis which 
did not suggest any correlation between daily precipitation 
and hydrocarbon classes' concentration levels. 
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TABLE 14 
T-Test: Concentration of hydrocarbon classes on days when precipitation 
<, 0.02 inches v_s. concentration of hydrocarbon classes on days when 
precipitation > 0.02 inches at Rose Lawn Park and Malfunction Junction 




Period Precipitation Mean S.D.a T-Value dfc Prob. 
<^0.02 in. 5.473 11.683 84 
Jan.-May 0.68 5 0.499 
> 0.02 in. 4.311 6.240 30 
aStandard deviation 
^Number of cases 
cDegrees of freedom 
Comparison With Other Hydrocarbon Studies Data 
Table 15 compares several atmospheric concentrations 
of aromatic and alkane compounds for Missoula with rural, 
surburban, and urban areas in and around various cities. 
The concentration measurements reported for Missoula 
were based on the geometric mean value computed for the 
sampling period of January through May of 1983. The 
concentration levels determined for Petersville, Alabama, 
were the mean values for the month of February, 1981, 
collected on Tenax GC adsorbent. The mean concentration 
values for the sampling period of September, 1977, to 
June, 1980, were reported for Sydney, Australia. 
The air samples were collected in 400 mL glass pipettes 
for that study. The concentration ranges for Houston, 
Texas, were determined from a 15—month sampling period 
and air samples were collected on sampling tubes containing 
Tenax GC. The St. Louis, Missouri, values were 24-hour 
average concentrations measured by gas chromatography 
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at an urban site on September 13, 1972. The concentration 
data for the rural area of Wilmington, Ohio, were the 
24-hour average values measured on July 18, 1974, by the 
gas chromatography method. The concentration levels for 
Middleton, Medfield, and Chickatawloat, Massachusetts, 
suburb areas of Boston, were the 24-hour average values 
measured by the gas chromatography method on August 11, 
1975. 
TABLE 15 
Acaospheric Hydrocarbon Concencracions of Various Cicies (yg/a^) 
Coapound Missoula Pecersville Sydney HousCon Sc. Louis* WilaingCon* Middlecon* 
benzene 0 . 5 1  1 8 . 0  8 . 3  4 . 2 - 4 7 - 9  — 1 . 2  — 
coluene 1 . 9 0  — 3 3 . 5  1 . 1 - 3 6 . 5  3 2 . 9  1 - 9  1 4 . 2  
echylbenzene 0 . 3 8  — 5 . 6  1 3 . 4 - 1 9 . 5  4 . 9  0 . 3 2  3 . 9  
xylenes (o,a,p) 2 . 0  — 2 3 . 4  4 5 . 6 - 6 9 . 4  2 3 . 4  1 . 7  2 2 . 5  
aeChylethylbenzene (o,a .p) 0 . 9 1  — 7 . 4  7 . 4 - 1 9 . 6  4 . 2  0 . 2 2  4 . 4  
1 , 2 , 4 -triaechylbenzene — 6 . 4  — 4 . 3  0 . 4 4  4 . 0  
1 , 3 , 5-criaeChylbenzene l i . o  — 2 . 4  ~ 1 . 6  0 . 0 5  0 . 8 2  
1 , 2 , 3-CriaeChylbenzene J — — ~ 2 . 0  — 
n-propylbenzene 0 . 2 3  - 2 . 0  — 1 . 6  0 . 1 6  0 . 9 8  
acenaphchylene 0 . 0 1  0 . 0 3  — — - — — 
n-pentane 0 . 1 8  - 1 4 . 7  — 1 5 . 6  2 . 2  8 . 4  
n-hexane 0 . 3 9  - 7.4 — 8 . 1  1 . 2  3.9 
n-hepcane 0 . 8 1  - 2.9 - - 3.2 ~ 1 . 6  
n-octane 0 . 3 2  — 1.9 ~ — — — 
isooctane 0 . 5 0  — 5 . 6  — 6 . 8  — -
n-decane 0 . 2 2  — 2.9 5 . 8 - 1 5 . 7  7 . 6  0 . 7 0  2.3 
* Raw or reduced daca provided by V. A. Lonneaan and S. A. Meeks. 
EnvironnenCal Sciences Research Laboracory, U.S. Environmencal 
Proceccion Agency, Research Triangle Park, N.C., May, 1979. 
The concentration data of hydrocarbons reported 
for the urban areas of Petersville, Sydney, Houston, 
St. Louis, and the suburb area of Boston, Massachusetts 
are substantially higher than hydrocarbon concentrations 
determined for Missoula. The hydrocarbons' concentration 
for Missoula are in the same range of values as the rural 
area of Wilmington, Ohio. 
Table 16 compares a few atmospheric halocarbon 
concentration measurements of Missoula with various areas 
throughout the world. The geometeric mean concentration 
values for the sampling period of January through May 
of 1983 are given for Missoula. The maximum monthly 
concentrations of 1981 are reported for Arctic Haze Study 
The halocarbon data for Abastumani and Eastern Washington 
are the mean values determined for the month of July, 
1979. Abastumani is a remote region in the Caucasus 
Mountains of U.S.S.R. The Arctic, Eastern Washington, 
and Abastumani halocarbon concentration levels are higher 
than halocarbon levels collected in Missoula. 
TABLE 16 
Atmospheric Halocarbon Concentrations of Various Areas (Pg/m^) 
Compound Missoula Arctic 1 E. Washington^ Abastumani^ 
Freon 11 0.074 1 . 1  0.99 1.0 
tetrachloroethane 0.17 0 .60  
1,1,1-trichloroethane 0.030 0 . 8 1  0.74 0.75 
^Khall, M. A. K.f and Rasmussen, R. A., 1983 
^Cronn, R. R.f et al., 1983 
3Ibid. 
Health Assessment 
The organic compounds identified in this study were 
categorized by their potential health effects according 
to the Registry of Toxic Effects of Chemical Substance 
(53). The categories consist of the following: 1) Non-
hazardous or innocuous; 2) irritants (skin, eye, nose); 
3) reproductive effects; 4) mutagenic; and 5) carcinogenic 
The non-hazardous or innocuous group consisted of organic 
compounds which produced no adverse health effects below 
1,000 ppm or produced no known adverse health effects. 
The irritant group was comprised of organic compounds 
which gave positive results on a patch skin test of animal 
and/or produced discomfort to the eyes or nose of humans. 
Organic compounds which produced reproductive effects 
in animal tests made up the reproductive category. The 
mutagenic category consisted of compounds determined 
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to be mutagenic by the Ames Assay. The carcinogenic 
group was made up of compounds known to cause cancer 
in humans and/or laboratory rats. The result of this 
categorization is given in Table 17. 
The toxicity of pentane, hexane, heptane, octane, 
methylcyclohexane, benzene, toluene, styrene, and xylenes 
(o, m, p) are shown in Tables 1C-8C of Appendix C. The 
irritation and systemic effects produced by inhalation 
exposures of a few ketones on humans are reported in 
Tables 9C and IOC of Appendix C. The health effects 
from inhalation exposures of chloroform are given in 
Table 11C of Appendix C. 
Since benzene was one of the more predominant 
compounds found in the atmosphere of Missoula and is 
known to cause leukemia in humans, a health risk assessment 
of ambient benzene exposures on Missoula's population 
was performed. A mathematical model employed by the 
EPA (49) was used to determine the probability of death 
from leukemia due to ambient benzene exposures. The 
assessment was done using a constant ambient benzene 
exposure at 1.9 yg/m^, the highest ambient benzene level 
detected in this study, for a period of one year. The 
number of ambient benzene-related leukemia deaths per 
year, based on this worst-case scenario, was 0.3 deaths 
per one million people. The calculation for the worst-
case scenario is given in Figure 13. 
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TABLE 17. Potential Health Effects of the Organic Compounds 
Identified at Rose Lawn Park and Malfunction Junction Sites 






















































C3~alkylphenyl ether isomer 
n-propylbenzene 
ethylmethylbenzene isomers (3) 




diethylbenzene isomers (2) 
dimethylcyclohexane 
•Currently being tested, 1983. 
••These chemical compounds have respi 














































ethylmethylcyclopentane isomers (2) 
methy1-n-propylbenzene isomers (3) 
ethyldimethylbenzene isomers (6) 
1-methylindan 






dimethylnephthalene isomers (2) 
3-methy1-1,lf-biphenyl 
ethyltrimethylbenzene 
atory irritation and/or central nerv-
vapor concentrations (1000-5000 ppm). 
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FIGURE 13. Worst-Case Scenario 
1) 2.9 pg/m3 = 0.89 ppb 
2) expected number of leukemia deaths per year 
N D  = B x C x 103/A 
B = estimation of lifetime possibility of 
leukemia per unit of exposure 
C = concentration of benzene 
A = average expected life span (1973) 
3) B = .024074 - geometric mean of three estimates 
from (5), (32), (57). 
C = 0.89 ppb 
A = 70.95 yr. 




Three objectives of this study were to — 1) identify 
the organic constituents less than 200 atomic mass units; 
2) determine the concentration of these organic pollutants; 
and 3) distinguish between motor vehicles or residential 
woodburning as the predominant source of volatile organic 
pollutants. The following discussion interprets the 
results pertaining to these objectives: 
PART I: The Identified Organic Pollutants. In 
general, the organic chemical composition of Missoula's 
airshed is very complex and consists largely of branched 
and unbranched alkanes (C5-C12) and alkylated (C1-C5) 
benzene derivatives. This generalization was supported 
by the numerous kinds of organic compounds present in 
the atmosphere around Rose Lawn Park and Malfunction 
Junction sites (Tables 3-8). Also, the bargraphs (Figures 
9-12) and the monthly geometric mean tables (Tables 3-8) 
demonstrated that alkane and aromatic hydrocarbon classes 
were the most predominant in number and quantity around 
both sampling sites. 
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Since air pollution consists of volatile compounds 
and particulate matter, the collection of particulates 
on the air sampling tubes was expected. This was 
demonstrated by the identification of methylbenzaldehyde, 
biphenyl, 3-methyl-l-l'-biphenyl, acenaphthylene, dimethyl-
naphthalene isomers, 1-methylnaphthalene, 2-methylnaphthalene, 
naphthalene, dimethylindan isomers, and silicone isomers 
on air samples collected at Rose Lawn Park and Malfunction 
Junction sites; these compounds are considered semi-volatiles 
and are probably associated with the airborne particulate 
matter (15), (31), (36). 
No ambient phenol or derivative compounds were 
identified in the air samples collected for this study. 
This result confirms a similar finding in a study done 
by Imhoff (31) on the woodburning communities of Peters-
ville, Alabama. Imhoff concluded that no ambient phenol 
or derivative compound could be identified which might 
be useful as a tracer of residential wood combustion 
related emissions. 
The polynuclear aromatic hydrocarbons related to 
particulate phase of residential wood combustion emissions 
(fluorene, anthracene, pyrene, benzopyrenes, etc.) were 
not detected in this study. This result does not suggest 
that these compounds were absent in Missoula's airshed 
but was reflective of the capillary column used in analyses 
of the air samples. Since one of the objectives of this 
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study was to identify the organic constituents less than 
200 atomic mass units, a capillary column of 60 m in 
length and used in the analysis. This capillary column 
was chosen because of its good resolution of low molecular 
weight organic compounds. However, these polynuclear 
aromatic hydrocarbons would not have eluted off this 
capillary column in the time frame allowed for the gas 
chromatographic/mass spectrometic analysis. 
Tenax GC adsorbant was shown to be an effective 
and versatile trapping medium for the collection of ambient 
air samples in this study, judging by the fact that numerous 
types of compounds were identified in the air samples; 
these ranged from low-boiling compounds (Freon 11, diethyl 
ether, dichloromethane, trichloromethane, C5~alkane isomers, 
etc.) to semi-volatile compounds (naphthalene derivatives, 
biphenyls, acenaphthylene, silicones, etc.). 
PART II; Concentration of Organic Pollutants. 
In general, seasonal differences were found: The highest 
concentration levels occurred during the wintertime (January 
and February) and the lowest levels occurred during the 
springtime (April and May). These seasonal differences 
were exhibited both in the concentration values of the 
six hydrocarbon classes (Figures 9-12) and in the individual 
compound concentration values (Tables 3-8). 
The oxygenated compounds commonly associated with 
wood combustion emissions (2,3-butanedione, 2-butanone, 
2,3-pentanedione, 2-hexanone, furfural, and methylbenz-
aldehyde) showed the most prominent seasonal differences. 
These compounds were present in the wintertime (January 
and February) but not present in the springtime (April 
and May). This result suggested that these oxygenated 
organic compounds might be useful as tracers of residential 
wood combustion emissions. 
The concentration levels of the low-boiling compounds 
(Freon 11, diethylether, dichloromethane, trichloromethane, 
C5~alkane isomers, etc.) were highly variable throughout 
the sampling period. Possible explanations for this 
were that the Tenax GC adsorbent had poor collection 
efficiency for low-boiling compounds and/or the delivery 
method of the air sample to the gas chromatograph/mass 
spectrometer was inadequate for these compounds. Low-
boiling compounds have small retention volumes on Tenax 
GC (14), (59), which probably explains some of the variabili 
in concentration levels of these compounds. The delivery 
method may possibly have been inadequate due to helium 
carrier gas flowing through the air sample tubes for 
one to two minutes prior to injection while the gas chromato 
graph/mass spectrometer was being programmed. During 
this time part or all of the low-boiling compounds might 
have escaped from the air sample tube, which could also 
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explain the variability in concentration levels of these 
compounds. Therefore, the variability in concentration 
levels of the low-boiling compounds was probably due 
to a combination of these factors or some other unknown 
factor(s) . 
PART III; The Predominant Source. In general, 
transportation-related emissions were the major source 
of volatile organics found in Missoula's atmosphere 
(60-90%). This was demonstrated by the results obtained 
from the estimation of volatile organic emissions by 
source for Rose Lawn Park and Malfunction Junction sites 
(Table 9). This generalization was further supported 
by the finding reported by Terminania (69) that a C7/C6 
aromatic hydrocarbon ratio greater than one corresponded 
to automobile traffic emissions. The Cy/C^ aromatic 
hydrocarbon ratio was greater than one for all of the 
air samples collected in this study. The emissions from 
residential wood combustion were the highest for the 
months of January and February and showed a seasonal 
trend, probably related to the seasonal use of wood as 
a residential heating fuel. Organic solvents and 
commercial processes emissions had no significant 
contributions to the total level of ambient volatile 
organic pollutants collected at the Rose Lawn Park and 
Malfunction Junction sites. 
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Ambient Air Trends 
In general, air samples collected on cold, hazy, 
calm days exhibited the highest concentration levels 
for the ambient volatile organic pollutants. Statistical 
analysis showed that concentration levels of the six 
hydrocarbon classes were more significantly correlated 
with maximum daily wind speed then any other weather 
variables. This finding implied that brief periods of 
gusty winds were more effective in decreasing the ambient 
volatile organic levels than precipitation events, 
temperature, or average daily wind speed. 
Since the air quality in Missoula's airshed 
deteriorates during the wintertime, an increase in the 
concentration levels of ambient volatile organic pollutants 
in the wintertime was expected. This was demonstrated 
by the negative correlation between average daily ambient 
temperature and concentration levels of the six hydrocarbon 
classes (Table 11). 
There is a possible explanation for this observation. 
The common wintertime inversions could trap the volatile 
organic pollutants that otherwise would escape and periods 
of air stagnation caused by wintertime temperature inversions 
could concentrate the volatile organic pollutants that 
would normally be mixed throughout a larger volume of 
Missoula's airshed. 
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The concentration levels of the ambient volatile 
organic pollutants did not correlate significantly with 
precipitation events. This was shown by the results 
from two statistical analyses. First, the significance 
of correlation values were greater than one in the 
statistical analyses of the concentration levels of the 
six hydrocarbon classes with average daily precipitation 
(Table 11). Second, the group t-test result (P > 0.1), 
determined that a threshold level of 0.02 inches of daily 
precipitation had no significant effect on concentration 
levels of the volatile organic pollutants (Table 14). 
Therefore, no type of precipitation events (rain, snow, 
sleet, etc.) had a significant wet deposition effect 
on the ambient volatile organic pollutants in Missoula's 
airshed over a 24-hour period. 
Since one of the questions of this study concerned 
the effect of the flow rate setting on the air sampler 
on the concentration and composition of the organic compounds 
collected, a statistical analysis was performed on the 
concentration levels of the six hydrocarbon classes and 
the sampling rate (Table 11). In general, this statistical 
analysis (p > 0.1) suggested that the flow rate setting 
in the range of 50-300 ml/min had no significant effect 
on the composition or concentration levels of the volatile 
organic pollutants collected by the air sampler. Hence, 
the variations in concentration levels of the volatile 
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organic pollutants could not be explained by the differences 
in the flow rate settings on the air sample. 
In general, particulate levels did not correlate 
significantly with the ambient levels of the volatile 
organic pollutants (Table 11). The insignificant corre­
lation with the particulates was expected because the 
particulates can consist of a variety of materials such 
as soil particles, road dust, pollen and plant fibers, 
soot, semi-volatile organic compounds, and polynuclear 
aromatic hydrocarbons. 
The oxygenated organic pollutants' concentration 
levels were highly significantly correlated (p .001) 
with the total suspended particulate levels on the days 
without dry and dusty road conditions. This result could 
probably be explained by assuming that the oxygenated 
compounds and total suspended particulates were emitted 
from a common source. 
The respirable suspended particulate concentration 
was correlated with the ambient aromatic organic pollutants' 
concentrations (Table 11). This result implied that 
the total concentration level of the volatile aromatic 
pollutants might be a useful indicator of the respirable 
suspended particulate levels in Missoula's airshed or 
visa-versa. A couple of possible explanations for this 
correlation would be that the majority of the aromatic 
compounds were probably associated with the respirable 
suspended particulate phase or that these pollutants 
were emitted from a common source, such as transportation-
related emissions. 
Next, it was suspected that temperature inversion 
I 
| episodes could trap and concentrate the volatile organic 
; pollutants in Missoula's airshed because the resistance 
| to mixing of the air mass by the inversion layer and 
temperature inversions typically reduce Missoula's airshed 
by 80% (67). The result from the group t-test analysis 
(p 0.001) revealed that there was a highly significant 
difference between the concentration values collected 
on days when an inversion episode was present and those 
collected on days when an inversion episode was not 
present. This result confirmed the above hypothesis 
that temperature inversions trap the volatile organic 
pollutants and cause them to concentrate in Missoula's 
airshed. 
The one-way analysis of variance performed on the 
average daily wind direction and concentration levels 
of the volatile organics showed that the variability 
in the concentration values could not be explained by 
the average daily wind direction (Table 13). This result 
demonstrated that no point source was contributing 
significantly to volatile organic load in the atmosphere 
around both air sampling sites. Hence, none of the major 
point sources (Champion International Kraft mill, lumber 
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mills, and plywood factory) were significantly influencing 
the levels of the ambient volatile organic pollutants 
collected at Rose Lawn Park and Malfunction Junction 
air sampling sites. 
Comparison With Other Cities 
The interpretation of Tables 15 and 16 suggest that, 
on the average, Missoula's air during most of the year 
is as free of volatile organic compounds as are most 
rural areas of the United States. However, Missoula's 
air quality deteriorates rapidly during wintertime 
temperature inversion episodes, causing it to be comparable 
to that found in polluted suburban and urban areas of 
the United States. It should be noted here that some 
of these studies were not long-term studies and used 
different methods for the collection of the ambient air 
samples than employed in this study. 
Health Assessment 
The estimate of the relative risk of developing 
benzene-related leukemia from breathing Missoula's air 
is low — 0.3 deaths/year per million people (worst-case 
scenario). This estimate is consistent with the low 
estimates of developing lung cancer generated by Drs. 
Koostra and Johnson (44) in 1981 and by Carol Fox 
(19) in 1983 from the particulate phase of Missoula's 
air. These studies obtained low mutagenicity levels 
on the particulate filters during their sampling periods. 
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The worst-case scenario overestimates the risk of 
leukemia deaths/year because it assumed a year-round 
ambient benzene level of 2.9 yg/m 3, the highest daily 
benzene level obtained in this study. This assumption 
was unlikely because much lower levels occurred during 
the other sampling days. 
Breathing Missoula's air during wintertime temperature 
inversion episodes may cause discomfort for some persons. 
These discomforts may consist of burning or watering 
eyes, soreness of the nose and throat, and irritation 
of the lungs since several of the volatile organic compounds 
detected in this study are known irritants of the eyes 
and skin (Table 17); the highest levels of these compounds 
occurred during wintertime temperature inversion episodes. 
Several caveats in the evaluation of these findings 
are in order. First, the method used in evaluating the 
relative risk of developing benzene-related leukemia 
was based on acute toxicology tests and occupational 
studies. This method did not assess chronic exposure 
effects or synergistic effects of other compounds on 
benzene. Second, the toxicology studies on humans were 
done on young male populations. These estimations would 
be higher for the high-risk groups, such as children, 
smokers, pregnant women, the elderly, and those suffering 
from respiratory ailments. Third, the skin irritant 
assessment involved the extrapolation of results from 
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animal assays to human effects. While animal and human 
skin contain similar characteristics, it was not 
established that the relative potency of skin irritants 
in the animal assays were directly proportional to the 
relative potency in humans. Fourth, the sensitivity 
of humans to eye and skin irritants are quite variable 
and certain skin areas, such as the tissues of the nose, 
throat, and lungs, are more sensitive. Therefore, the 
levels at which discomfort occurs would be lower for 
the more-sensitive people and skin areas. 
Since all Missoulians must breathe the air, the 
air pollution rules and regulations for Missoula's airshed 
should be designed to protect the health of all people 
involved, including the high-risk groups; according to 
the Montana State Constitution, these people have a right 
to a healthy life, and the lifestyles of people should 
not be controlled by those who consciously choose to 
pollute the air. 
CHAPTER 6 
CONCLUSIONS 
In summary, analyzing the organic constituents 
(MW < 200 amu) of January through May air samples of 
Missoula's ambient air using Tenax CG as the trapping 
medium and gas chromatograph/mass spectrometry for 
detection has yielded the following observations: 
1. The volatile organic composition of 
Missoula's airshed is very complex and 
consists largely of methylated and 
straight chain alkanes (C5-C12) a n& 
alkylated (C1-C5) benzene derivatives. 
2. No ambient phenol or derivative compounds 
were identified in this study. 
3. 2,3-Butanedione, 2-butanone, 2,3-pentanedione, 
2-hexanone, furfural, and methylbenzaldehyde 
might be useful as tracers of residential 
wood combustion emissions. 
4. Transportation-related emissions were the 
major source of ambient volatile organic 
found in Missoula's airshed (60%-90%). 
5. The ambient volatile organic levels were 
the highest on cold, calm days with 
temperature inversions. 
6. Precipitation events had no significant 
effect on the ambient volatile organics in 
Missoula's airshed. 
7. During most of the year Missoula's air 
quality (volatile organics) is comparable 
to most rural areas of the United States. 
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8. The health risk of breathing the volatile 
organic compounds in Missoula's air is low. 
9. Tenax GC adsorbant has proven to be an 
effective trapping medium for collection 
of volatile organic constituents from the 
atmosphere. 
APPENDIX A 
Ambient Air Concentrations of Hydrocarbons 
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TABLE 1A. Gas phase concentrations of volatile 
organic species from Petersville, 
Alabama (Ug/m 3) (31). 
Date Sampled (February) 2 2 6 6 8 8 14 14 
Tenax Sample Number 6B 5D 4B 11M 14B 13M 12B 18M 
Benzene 22 24 24 34 11 9.4 3-0 17 
Phenol 2.8 9.6 5.4 16 ND 1.1 ND 0.3 
O-Chlorophenol ND ND 0.1 0.2 ND ND ND ND 
O-Cresol ND 0.2 0.05 ND ND ND ND ND 
M/p-Cresol ND ND ND ND ND ND ND NT) 
Xylenols ND 0.15 ND ND ND ND ND ND 
B - background. 
D • downwind. 
M - mobile. 
ND • not detected. 
TABLE 2A. Concentration of volatile organic 
compounds from Houston, Texas (11) 
Compound Concentration (ppb) 
benzene 1.3-15* 
n-nonane 1.6 - 4.4 
toluene 0.3 - 9.7 
n-decane 1 - 2.7 
ethylbenzene 3.1 - 4.5 
p-xylene 2.1 - 3.4 
m-xylene 5.4 - 7.8 
o-xylene 3.0-4.8 
methylethylbenzene 1.5 - 4.0 
limonene 0 - 5.7 
*Corrected for loss due to incomplete adsorption. 
TABLE 3A. 24-hour average hydrocarbon concentrations 












T-5utene • Iso-Butylene 8.2 






































m • p-Ethylbenzene 6.9 
I,3,5-Trimethylbenzene 3.0 
tert-fluty1benzene 1.6 





n-Butylbenzene * £-0iethyl benzene 3.6 
2 NMHC 2793.5 
1 NMHC - ethylene 581 
2 Paraffins 362.1 
2 Olefins 64.7 
2 Aromatics9 154.2 
aSt. Louis University site. 
bGas chromatograph calibrated by standards of individual compounds. 
cEthylene concentration not valid; contamination by nearby ozone monitoring 
system is indicated when the ethylene/acetylene ratio exceeds about 3. 
dNot detected. 
eAlieyelies counted with paraffins. 
^Acetylene counted with olefins. 
9Cg unknown counted with aromatics. 
86 
TABLE 4A. 24-hour average individual hydrocarbon 
measurements at Wilmington, Ohio (ppb C) (17). 
Concn. 24-hr 
Compound range average concn. 
Ethane 7-4 - 13.9 9.9 
Ethylene 1.1-5.1 2.9 
Propane 3.6 - 10.7 6.6 
Acetylene 1.6-9.2 5.4 
Isobutane 1.5-7.6 3.9 
n-Butane 3.1 - 14.7 8.0 
Propylene 0.3-1.5 0.7 
Isobutylene 0.3-2.0 0.8 
trans-Butene-2 0.8-1.7 1.2 
cis-Butene-2 N.O. 
Sutadiene-1,3 N.O.- 0.7 0.1 
Isopentane 2.5 - 21.4 8.8 






Cyclopentane 0.4-5.7 1.6 
2-Methylpentane 0.9-4.1 2.2 
3-Methylpentane 0.7-2.8 1.4 
4-Methylpentene-2 N.O.- 0.3 0.0 
n-Hexane 0.8-5.1 2.1 
Hexene-1 N.O.- 3.2 0.2 
trans-Hexene-3 N.D. 











Benzene 0.8-4.5 2.3 
Toluene 1.0-6.8 3.5 
Nonane 1.9-5.8 3.2 
Ethylbenzene 0.3-2.3 0.6 
£-Xylene 0.3-4.8 0.9 
m-Xylene N.O.- 1.0 0.6 
5-Xylene 0.2-6.1 1.6 
n-Oecane 0.7-2.0 1.2 
n-Propylbenzene 0.2-1.2 0.3 
i,p-Ethyl toluene N.D.- 0.8 0.4 
I,3,5-Trimethylbenzene N.D.- 1.0 0.1 
o-Ethyltoluene N.O. 
1,2,4-Trimethylbenzene 0.3-2.2 0.8 
Unknowns 0.5 - 10.2 5.4 
Methane, ppm 1.48 - 2.43 1.6 
Total NMHC0 42.3 -223.5 101.6 
Acetaldehyde 1.3-7.5 4.4 
Propionaldehyde N.D.- 11.4 2.6 
Acetone 3.0 - 20.7 8.5 
?N.D. = not detected. 
Includes aldehydes, acetone, and unknowns. 
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TABLE 5A. 24-hour average individual hydrocarbon 
concentrations at suburban sites in Boston, 
Massachusetts (ppb C) (17). 
Middleton. 8/11/75 
Xvgl Range 
Hedfield. 8/21/75 Chlckatawbut, 8/21/75 































































































































N.O. d-Carene — 
1,3,5-Triaethylbenzene 1.5 
0-Ethyl toluene 1.4 
1,2,4-Trfaethylbenzene 7.3 
Unknown (Undecane?) 1.4 
O-Uaonene N.O. 
7.3 - 12.1 
Contaa. 
6.9 - 17.4-
7.5 - 17.6 
5.8 - 13.1 
14.6 - 32.4 
2.0 -  6.8 
1.3 - 6.8 
0.2 -  2.2 
0.8 - 2.7 
15.7 - 39.3 
9.0 - 22.5 
0.3 - 1.3 
0.3 - 1.5 
N.O. 
N.O. 
N.O. - 1.5 
(3.5 - 8.9) 
N.O. - 9.3 
N.O. - 16.3 
3.9 - 10.7 
N.O. 
3.9 - 10.8 
N.O. 
N.O. - 0.8 
0.2 - 0.7 
0.2 - 1.9 
2.8 - 6.2 
N.O. - 0.4 
N.O. - 0.2 
0.2 - 1.3 
1.3 - 5.4 
0.4 - 3.4 
1.5 - 6.3 
N.O. - 12.1 
N.O. - 1.5 
1.8 - 5.1 
0.9 - 4.7 












































N.0. - 44.8 21.4 
N.O. - 6.5 0.2 
N.0. N.O. 
N.O. N.O. 
0.3 - 6.3 0.9 
N.O. - 2.9 
N.O. - 0.6 
N.0. - 1.0 0.1 
N.O. - 0.4 0.6 
2.5 - 23.3 5.8 
2.3 - 19.4 6.6 
7.2 - 66.4 14.4 
N.O. - 0.4 N.O. 
N.O. N.O. 
4.9 - 30.2 6.5 
0.9 - 7.8 1.7 
1.1 - 23.8 2.0 
N.O. - 4.1 0.6 
N.O. N.O. 
N.0. N.O. 
N.O. - 4.7 0.8 
3.0 - 19.3 3.4 -
N.O. - 3.1 N.O. 
N.O. N.O. 
N.O. N.O. 
N.O. - 3.8 0.9 
N.O. - 2.9 0.8 
N.O. - 12.5 5.7 
N.0. - 8.3 
2.9 2.0 - 4.2 
5.2 1.2 - 6.£ 
2.7 1.2 - 4.2 
3.9 0.9 - 6.9 
2 . 8  0 . 8  -  6 . 0  
6.2 1.8 - 12.3 
1.8 0.4 - 2.8 
1.8 0.6 - 4.0 
0.7 0.6h- 0.9 
0.7 N.O - 1.3 
8.2 2.8 - 13.8 
4.3 1.5 • 6.4 
0.2 N.O. - 0.4 
0.2 N.O. - 0.6 
N.O. N.O. 
N.O. N.O. 
... 0.1 N.O. - 0.8 
N.O. - 4.0 (2.4) 1.2 - 3.8 
1.3 - 8.2 5.4 1.1 - 11.5 
2.2 - U.2 3.8 1.9 - 5.7 
1.4 - 6.4 2.6 0.7 - 4.2 
N.O. - 0.3 0.0 N.O. - 0.2 
1.6 - 6.9 3.5 1.0 - 9.1 
N.O. - 0.6 0.0 N.O. - 0.3 
N.0, - 0.9 0.1 N.O. - 0.4 
N.O. - 0.8 0.1 N.O. - 0.3 
N.O. - 1.8 0.2 N.O. - 0.6 
1.4 - 5.2 2.4 1.0 - 5.1 
N.O. - 0.9 N.O. N.O. 
N.O. - 0.4 N.O. N.O. 
2.0 - 5.2 
Contaa.* 
1.6 - 21.6 
2.1 - 10.1 
1.6 - 6.7 
3.4 - 15.8 
0.6 - 5.4 
1.4 - 4.0 
0.5 - 1.7 
0.5 - 1.9 
5.6 - 24.1 
2.8 - 28.7 
0.2 - 0.9 
0.3 - 1.5 
N.0. - 3.1 
N.O. - 1.7 
N.O. - 2 0
(N.O. - 1.3) N.O. N.O. 





N.O. - 4.0 
N.O. - 1.8 
N.O. - 4.2 
0.5 N.O. - 2.1 
2.0 N.O. • 3.0 
N.O. 
0.3 - 1.0 
1.1 - 4.8 2.1 
0.7 - 2.2 1.0 
1.0 - 4.7 2.2 
N.O. - 0.6 
N.O. - 1.4 
O.S - 4.8 
N.0. - 1.0 0.5 N.O. - 1.3 
0.9 - 3.2 2.0 N.O. - 4.4 
1.6-4.5 2.1 N.O. - 4.9 
N.O. - 11.1 
7.9 - 43.6 18.3 8.3 - 41.3 
N.O. - 0.8 
N.O. 
N.O. 
0.2 - 2.2 0.7 0.2 - 1.6 
N.D. N.O. 
N.O. - 0.5 N.O. N.O. 
N.O. - 5.0 1.1 
3.2 - 8.7 
3.2 - 17.0 ... 
N.O. - 24.2 2.2 
N.O. 
. . N.O. - 3.3 
1.8 0.6 - 3.1 
3 7 0.4 - 8.5 
N.O. - 6.3 
N.O. 
4.8 - 9.6 
0.5 - 4.4 
. 0.5 - 3.5 
N.O. - 2.1 
N.O. 
N.O. 
N.O. - 1.6 




N.O. - 1.6 
N.D. - 1.4 







1.6 - 4.4 
N.O. - 1.1 
N.O. - 1.7 
N.O. - 1.0 
0.6 N.O. - 1.1 
2.0 0.6 - 2.6 
0.3 
0.3 
N.O. - 0.6 
N.D. - 0.7 
4.1 2^5 - 5.4 
3.7 N.O. - 9.2 
*HC saapler located adjacent to ozone chealluainescence aonftor that employed 
ethylene; data contaainated. 
bN.O. Not detected 
TABLE 6A. Average hydrocarbon concentrations and 
composition in Sydney's air (54)* 
av 
concn,b 
ppbv hydrocarbon0 mol % w t %  
ethane 7.5 6.2 2.9 
ethylene 12.5 10.4 4.5 
acetylene 10.1 8.4 3.4 
propane 5.9 4.9 3.3 
propylene 7.4 6.1 4.0 
methylacetylene 0.5 0.4 0.2 
butane 7.5 6.2 5.6 
Isobutane 4.7 3.9 3.5 
1-butene 1.0 0.8 0.7 
isobutene 1.4 1.2 1.0 
trons-2-butene 1.1 0.9 0.8 
cis-2-butene 1.0 0.8 0.7 
pentane 5.0 4.1 4.6 
isopentane 9.0 7.5 8.3 
1-pentene 0.4 0.3 0.3 
trans* 2-pentene 0.6 0.5 0.5 
c«-2-pen tene 0.7 0.6 0.7 
2-methyl-l-butene 0.5 0.4 0.5 
2-methyl-2-butene 1.3 1.0 1.1 
cyclopentane 0.8 0.6 0.7 
hexane 2.1 1.7 2.3 
2-methy lpen tane 2.6 2.2 2.9 
3-methy lpen tane 1.6 1.4 1.8 
2,2-dime thy 1 b u tane 0.5 0.4 0.6 
2,3-dimethyl butane 0.9 0.7 1.0 
methylcyclopentane 1.2 1.0 1.2 
cyclohexane 0.9 0.7 1.0 
benzene 2.6 2.2 2.6 
heptane 0.7 0.5 0.8 
2-methylhexane 1.2 1.0 1.5 
3-methylhexane 0.8 0.7 1.0 
2,4-dime thy lpen tane 0.7 0.6 0.9 
methylcyclohexane 0.6 0.5 0.8 
1,3-dimethylcyclopentanes 0.2 0.2 0.3 
toluene 8.9 7.4 10.5 
octane 0.4 0.3 0.5 
2,2,4-trimethylpentane 1.2 1.0 1.8 
other Ct alkanes 2.0 1.6 2.9 
ethylbenzene 1.3 1.1 1.7 
m,/?-xylenes 3.9 3.3 5.3 
o-xylene 1.5 1.2 2.0 
nonane 0.4 0.3 0.6 
propylbenzene 0.4 0.3 0.6 
1,2,4-trimethylbenzene 1.3 1.1 2.0 
1,3,5- trime thy 1 be nzene 0.5 0.4 0.7 
m,p-e thyltoluenes 1.1 0.9 1.7 
o-e thy 1 toluene 0.4 0.3 0.6 
decane 0.5 0.4 1.0 
a [NMHC] = 0.55 ppmC. b Based on 140 samples at 
Eastern Suburbs Hospital (ESH), Goat Island (GI) and 
Rozelle Hospital (RH), September 1979 to June 19S0. 
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TABLE 7A. Ambient air concentration range of 
hydrocarbons reported by Graedel (25). 

















































































































































TABLE 8A. Descriptive statistics for the U.S.S.R. 
halocarbon data (16). 
compd mean median std dev min max N  
F-12 321 ppt 313 ppt 31 ppt 289 ppt *601 ppt 574 
(316 ppt)f l  (313 ppt)* (13 ppt)° (294 ppt)f l  (396 ppt)a (488) 
F-ll 186 ppt 184 ppt 7 ppt 168 ppt 234 ppt 630 
CH3CCl, 137 ppt 136 ppt 6 ppt 120 ppt 156 ppt 632 
CC14 148 ppt 147 ppt 3 ppt 141 ppt 182 ppt 626 
N20 301 ppb 301 ppb 2 ppb 292 ppb 315 ppb 519 
712 values excluding period when tank of F 12 was leaking nearby. 
TABLE 9A. Descriptive statistics for the Eastern 
Washington halocarbon data (16). 
compd mean median std dev min max N  
F 12 289 ppt 289 ppt 17 ppt 229 ppt 372 ppt 370 
F 11 177 ppt 177 ppt 5 ppt 164 ppt 228 ppt 395 
CH3CC13 135 ppt 134 ppt 16 ppt 90 ppt 188 ppt 389 
CC14 158 ppt 156 ppt 10 ppt 124 ppt 213 ppt 393 
IWO 302 ppb 302 ppb 5 ppb 286 ppb 320 ppb 395 
TABLE 10A. The highest and lowest monthly halocarbons f  
concentration of the Arctic haze (35). 
months of max ana min concn 
max min 
gas D J F M J J A ^min (± ̂  ^min) 6 *  ( ± 6 6 * )  6  *  ( ± 6 / -  * ) ,  
C1F, (F-22) X X 62.5 (±3.9) 55.3 (±0.9) 7.2 (• 3.9) 13.0 (±7) 
,CC1, X X 172.1 (± 11.2) 149.7 (±1.0) 22.4 (±11.2) 15.0 (t 7) 
:i(PCE) X X 128 (±11) 56 (±3) 72 (±11) 129(±20) 
1C13 (TCE) X X 40 (±7) 4 (±2.5) 34 (±7) 850 (±480) 
IjF2 (F 12) X X 326.7 (±1.7) 318.7 (±4.6) 8.0 (±4.7) 2.5 (* 1) 
I,F(F11) 
(ppmv) 
X X 202.6 (±3.4) 192.3 (±2.1) 10.3 (±3.7) 5.4 (±2) 
X X 179 (±11) 78 (±7) 101 (±11) 130 (±18) 
3C1 X X 623 (±19) 523 (±22) 100 (±24) 19(± 5 )  
iax» Cmin are avera8e monthly highest and lowest concentrations during the year. b C  are the 90% confidence 
of C. 6*= Cmax-Cmifl  and ±6 6*= 90% confidence limits of 6 *. 6*> 0 at a 0.01 (Welch test). 100 (Cmax-
Cmin» 6 6 *^c are approximate 909c confidence limits. Units of concentration are the same as in Table I. 
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TABLE IB. Typical emissions from residential fireplaces, 










1.9(0.«S-7.7) O.U(O.OS-O.S) 2.3(0.2-7.4) 0.15(0.01-0.5) 0.037-0.065 0.09-0*04$ 
»! 0.2(0.16-0.24) 0.011(0.009-0.01) 0.022-0.22 — 
SO $4(13-220) 3.4(0.0-14) 130(10-420) 9.7(0.6-30) 0.015-0.03 -
'arttctfltti 15(1.0-44) 1.1(0.1-5) 13(1.3-46) 1.0(0.1-4) 0.006-0.03 0.009-0.025 
r«tel HyrtrocarkM a(t.7-4»> 1.0(0.2-4) 25(2.0-110) 1.9(0.1-0) 0.0002-0.003 0.00002-0.0002 
•CM 0.03(0.02-0.04) 0.002(0.001-0.003) 0.3(0.01-0.4) 0.02(0.001-0.03) 0.00001-0.00003 -
rraca (l«wU >10*1 or 1«s or less — 






Cuiaiurr< i ji 
K«-ncr..|..f 
M huir 
Formaldehyde 1.0 1.1 1.1 1.1 
Acctaldcliydc 1.4 1.4 1.4 1.4 
Propanal 2.4 2.6 2.5 2.5 
Acetone 2.5 2.6 2.6 2.5 
Acrolein (2-propanal) 2.5 2.6 2.6 2.5 
1 sobuty rakleliy dc 3.5 3.7 3.6 3.S 
Unknown 4.3 4.2 4.1 
Uulanal 4.7 4.9 4.8 47 
J-butuiiuiie 5.0 5.3 5.2 5.1 
Diacctyl (2.3-butancdionc) 6.1 6.5 6.3 6.3 
I MtvaliTaltk'hydc 7.5 7.7 7.7 7.6 
3iiutiiyl-2-butunouc 9.1 9.1 9.1 9.0 
Crotonaldcl iy<lc (2-butena|) 94 9.6 9.5 93 
2-pcntanoiie 10.1 10.8 10.8 10.3 
J-pciuanone 10.6 i 
IVntanal 11.0 
riiKU'oloiic (J.^-iliiuctliyl-i-butaiioue) 11.2 
4-iiii-thyl-3-|H*ntanoiie 14.5 14.6 14.4 14.0 
TikIk* aUldiydc (2-iiictliyl-2~buteiial) 17.2 17.4 17.4 17.2 
a-nirtliyl valcraUlcltyde 17.4 17.4 17.4 17.2 
3-lu'xauttiic 21.1 21.0 20.7 20.1 
2-lit-xanniie 23.2 23.7 23.8 23.1 
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TABLE 3B. Low-boiling compounds in cellulose 
cigarette smoke (36). 
Peak Methods of 
No. Compounds identificatior 
MS GC 
14 Acetaldehyde 4- + 
25 Furan 4- 4-
26 Propanal 4- 4-
30 2-MethylpropanaI 4- + 
34 Acetone 4- 4-
37 Propenal 4- 4-
39 2-Methylfufiin 4- 4-
42 Butanal 4- 4-
43 Methylpropenal 4- 4-
44 Mass 82 4-
49 Ethyl methyl ketone 4- 4-
53 Benzene 4- 4-
58 Isopropyl methyl 
ketone 4-
59 2,5-DimethyJfuran 4- 4-
62 Methyl vinyl ketone 4- 4-
63 Methanol 4- 4-
69 Diethyl ketone 4- + 
70 Methyl propyl ketone 4- 4-
74 2,3-Butanedione 4- 4-
80 Toluene 4- 4-
89 2-ButcnaI 4- 4-
100 2,3-Pentanedione 4- 4-
108 Ethylbenzcne 4- 4-
111 /••Xylene -r 4-
113 m-XyJene 4-
122 Methyl propenyl 
ketone 4-
127 o-Xylene 4- 4-
129 Mass 82 4-
138 Cyclopentanone 4- 4-
149 Mass 82 4-
162 Cyclohexanone 4-
170 3-Hydroxy-2-butanonc 4- 4-
173 l-Hydroxy-2-propanone 4- 4-
178 2-Cyclopentenone 4-
190 3-Furaldehyde 4-
195 2-FuraIdchyde 4- 4-
19S Mass 102 4-
200 l-Acetoxy-2-
propanone 4* 
201 Acetic acid 4- 4-
204 2-AcetyIfuran 4- 4-
TABLE 4B. Particulate phase compounds in cellulos 
cigarette smoke (65). 
Identification 
Peak No. Compounds — 
MS GC NMR Ift 
1 Toiucae •h •T - -
5 Crotonaidehyde -r - - ~ 
7 2, 3«Pen(anedjon - - - -
21 Cyciopenuaooe T T - -
27 3-Methylfuno + - - -
34 Cydohcxanone T — 
34 3-Hydroxy-2-buunooc (Acetoin) -Jm + - -
37 l-Hydroxy-2-propanone (Acetol) +• T - -
39 Clycoialdehyde + - -
44 2-Cydopcnieaooe + - - -
46 2-Methyi-2-cyciopenienooe - — -
47 1 -Hydroxy-2-butanone + •f - -
51 Tetrmhydropyran-3-one + - - -
59 SuccioaJdehydc + - - -
61 3-FuraJdchyde + - - -
63 Acetic acid + T — — 
64 1 -Hydroxy-2-pcnunonc T - - -
65 Methyifuraidehyde -r- - - -
66 2-FuraJdchyde •f — — -
67 Acctolfortnatr* + "T + -r 
67 Methyifuraidehyde + - - -
6* Acetolaccute +• -t- — — 
61 4-OxopcntaaaJ + + — -
75 Afittyifunn + •r - -
76 2. ̂HeuacdioM + + — — 
71 Bcnzaldehyde + + - -
S2 1 •Acetosy-2-butanooc . + + — — 
f7 5-Methyl-2-fur»Wehyde + + — -
19 2.4-Pamdign 4 olide (Protoajicmoninc)* + -r — — 
90 tf-ToJuakkhyde + — — 
97 /w>ToJtakkhyd« + + - -
97 f-Butyraiactooc + -H — — 
JQ9 /-ToluaJdebyde + + — — 
IQt Ftofwyiaksbol + + — — 
109 SalicyiaJdebyde + + — — 
115 2-McUiyl»2-biitca-4^1ide + + — — 
120 Napfathalme + + — — 
123 7Bmcn 1 olidt + + — — 
125 Cydopeauae-l, 2-diooe + + — — 
12S l-<2-FuryiM.2-propaoed>onc + + — — 
132 5-Hydroxy-2-cydopenienon« + + — — 
134 1-Metfayiaapbthakae + + — — 
136 2-Hy<ln»y-3-<DcihyJ-2-cycJopcntcnonc (Cydoteae) + + — — 
147 3-M«byt-2-butea 4 otide + + — — 
150 5-Metho*ymethyl-2-furaJdcbyde + + — — 
151 2-Hydm*y3^«li)*2*cyelop«oieoooe* + + + + 
160 3-Hydroaty-4H-pyr*D 4 one + + —« — 
162 3-Hydnscy-2-<nethyWH-pyr*n-4-one (Maiiol) + + — — 
16S Fury! bydroxymethyl ketone + + — — 
170 Phenol + + — — 
171 a-Ocsol + + — — 
171 3-Oxobntan 4 olide (Sokrone) + + — — 
111 2-Hydrasy«*»valcrotactone + + — 
1S5 jbCmal + + — — 
its ift-Crcsol + — — 
191 5-MecbyM-tsdaaooe + — — — 
195 2-Hydroxy-4-buiaaolide + + — — 
214 2,3-Dihydro>3,5-dihydroxy-6-methyMH-pyran-4-ooe + — — — 
217 3,5-Dibydroxy-4-methy 1-4 H-pyran-4-ooe -r — — — 
221 Levulinic acid + + — — 
232 1,4: 3,6»Diaahydroglucopyru»o»e + T — — 
241 4-HydroxyroethyM-buunolide + + — — 
248 5- H ydroxytoetby l-2-furaMehyde + + — — 
257 >Hydroxy-4-buunoiide + - -
• Identified in cellulose pyrolysates for the first time in this study 
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TABLE 5B. Volatile products of cellulose (in nitrogen). 
tmpounds Compounds 

























































































l,4:3,6-Dianhydro - a - D -
glucopyranose 
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TABLE 6B. Priority pollutants measured in smoke from 





Acenaphthylene a,b 0.064 0.010 
Fluorene a,b 0.020 0.0047 
Anthracene/phenanthrene atb 0.096 0.0088 
Phenol a 0.1 0.02 
Fluoranthene a,b 0.022 0.0016 
Pyrene a,b 0.019 0.0016 
Benz(a )anthracene a,b 0.0177 0.0019 
Chrysene a,b 
Benzofluoranthenes atb 0.0135 0.0019 
Benzo(a) pyrene* a,b 0.0025 0.00073 
Indeno( 1,2,3-ec0 pyrene a,b 
Benzoighi )perylene a.b 0.0059 0.0014 
Dibenzanthracenes a,b 0.001 0.00018 
Acenaphthene a 0.0064 0.0012 
Ethyl benzene a 0.041 0.0091d 
Phenanthrene a,b e 
Dibenz[a,/? ] anthracene b 
TOTAL 0.41 0.063 
a DeAngelis, et al.21 (grams emissions per kilogram wood). 
b Lee, et al.n 
c Reference 31: for fireplace—.009 g/Kg or about 0.01%. 
Reference 32: for pine needles—.003 to .03% particulates. 
Reference 53: for leaves, grass, branches—.004%. 
Reference 21: Benzopyrenes/perylene: fireplace—.0015 g/kg or about 
.016% stove—.009 g/kg or about. 1 %. Assume lh of above is B(a)P and 
averaging fireplace values yields 0.tH)8% for fireplace and 0.03% for 
stove. 
d May include xylenes. 
* Included in anthracene category. 
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TABLE 7B. Carcinogenic compounds observed in smoke 
from residential wood combustion sources 
Carcinogenic Reference Emission Factor (a/kg)"* 
Compound Activity® Observed Stove Fireplace 
Dimethylbcnzanthracene ++++ a 
Benzia )anthrocene + «,b .0177 .0019 
Dibenzanthracene a .0010 .00018 
Dibenz(a Jt | Anthracene •++ b 
Dibenzja s janthracene + b 
Benzofc {phenan threne a .0025 .008 
BenzoAuoranthene* a .0135 .0019 
Benzo{6j fluoranthene •• e e e 
Benzo(/]fluoranthene •+ e e e 
Methylcholanthene a 
3-methylcholanthene •+++ e e e 
Benzopyrenes a .009 .0015 
Benzo(a)pyrene +++ b .0025" .00073* 
lndeno< 1,2£-cd )pyrene • a,b 
Chrysene ± s.b f f 
Dibenzopyrenes a .0007 .0004 
Dibenzo(a,/| pyrene high e. e e 
Dtbeozoja Ji fpyrene •++ e e e 





± e e e 
•'++ e e e 
± e e e 






















' DeAngelis, et al.2i (grams emissions par kilogram of wood) 
%L*,etoLn 
'Based on classification in Reference 29; ± uncertain or weakly carcinogenic; + carcinogenic; ++. +++. ++++ strongly carcinogenic. 
4 Average of results from Tables 20 and 22 of Reference 21 excluding SASS train results for green pine in stove. 
* These compounds were not specifically identified except as a group. 
'Included in the benz(a)anthracene number. 
'See footnote c. Table L 
k Total will be upper limit because of the inclusion of some noncarcmogenic isomers included in the general classes measured. The benzopyrene 
dais value was not used, only the benzo(a)pyrene value. 
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TABLE 8B. Combined gas chromatograph/mass spectrometer 
analysis of smoke samples from broadcast burn 




Charcoal A-3 1-1 E-l PB-1 G-ll G-4 G-2 
nAV* m-J 1 1 T rtfl _ _ _ _ _ . per ulliixuri—-"**-" 
Ethylene 0.03 0.07 o.os 0.01 0.99 1.0S 0.04 0.09 
Ethane .01 .02 .02 0 .so 1.25 .02 .05 
Carbonyl sulfide 0 1.00 .SO .so 0 0 0 0 
Propene .13 .02 .01 0 .34 .70 .60 .01 
Propane .09 .01 .01 0 .21 .60 .01 .02 
Methanol 0 3.07 1.92 1.60 1.03 2.86 .45 .34 
Freon 12 .01 0 .90 0 0 0 0 0 
Acetaldehyde 0 .04 .02 .03 0 0 0 0 
Isobutane .01 0 .21 0 0 0 0 0 
Butene-1 .16 .05 0 .08 0 0 0 0 
Ethanol 0 .18 .26 .06 .14 .10 .06 .15 
Furan .04 0 0 0 .12 .45 0 0 
Aceton 0 .01 .05 .01 .24 .37 .02 .23 
Dichloromethane .01 .65 .48 .11 0 0 0 0 
Dichlorethylene .01 0 0 0 0 0 0 0 
N-pentane .01 0 .04 .01 0 0 0 0 
Pentene-2 0 .02 .02 0 0 0 0 0 
Methylfuraij-2 0 0 0 0 .03 .17 0 0 
Ethyl acetate 0 0 0 0 .39 .80 .03 .12 
Benzene .07 .04 .03 .03 .09 1.79 0 .01 
2,4-dimethyl 
2-pentene 0 .02 .02 0 0 0 0 0 
N-heptane 0 0 0 0 .01 .72 .01 .01 
1.1.2 
trichloroethane 0 3.42 .44 .21 0 0 0 0 
Toluene .01 .07 .40 .03 .11 .09 .04 .02 
Xylene 0 .04 .07 0 0 0 0 0 
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TABLE 9B. Summary data on gasoline composition, reported 
as weight percent (17). 
Morris an<j Myers Maynard and 
Hydrocarbon Dishart et al. Sanders 
Paraffins 
Isobutane OC4) 0.7 
n-butane (nC*) 4.8 7.0 4.3 
Tsopentane 8.5 9.3 10.2 
n-pentane (^5) 3.4 4.5 5.8 
Simethyl butanes (Cgj 2.0 1.4 2.0 
Methyl pentanes (Cg) 4.6 6.2 6.0 
n-hexane 2.0 3.3 1.5 
ffimethyl pentanes 2.4 1.4 1.9 
Methyl hexanes 5.9 6.3 3.2 
Trimethyl pentanes 11.1 8.5 9.4 
n-heptane 1.2 2.0 2.0 
ffimethyl hexanes 1.3 2.9 2.0 
Methylethyl pentanes 1.4 0.4 
Dimethyl hexanes 1.3 
Trimethyl hexanes 1.4 0.4 
n-octane 1.3 
Naphthenes 
Methyl eye1opentane 2.0 1.8 0.6 
Cyclohexane 0.9 0.2 
Methylcyclohexane 1.2 1.0 0.3 
Other saturates .7.5 
Olefins 
Methylbutene 2.5 2.5 1.3 
Pentene 0.8 0.8 1.6 
Methylpentene 0.8 1.5 1.1 
Other olefins 7.5 2.5 3.5 
Aromatics 
Benzene 0.9 1.5 0.8 
Toluene 6.5 5.9 12.2 
Ethylbenzene 1.3 1.3 1.7 
Xylenes 8.8 5.9 7.3 
Propylbenzene 1.4 0.3 
Methylethylbenzenes 2.8 1.5 1.6 
Trimethy1 benzene 7.1 1.7 2.3 
Other aromatics 5.2 2.3 
Total 
Saturates 62 62 
Olefins 11 9 
Aromatics 27 29 























TABLE 11B. Predominant hydrocarbon in exhaust emissions 
from gasoline-fueled automobiles (72). 
Fraction of total HC, vol X 
62-Car 15-Fuel Engine-variable 
Hydrocarbon survey study study8 
Methane h 16.7 18 13.8 
Ethylene b 14.5 17 19.0 
Acetyleneb 14.1 12 7.8 
Propylene 6.3 7 9.1 
n-Butane 5.3 4 2.3 
Isopentane 3.7 4 2.4 
Tolueneb 3.1 5 7.9 
Benzene 2.4 -- — 
n-Pentane 2.5 — — 
in- • d-Xylene 
I-Butepe 
Ethane 
1.9 — 2.5C 
1.8 3C 6.0 
1.8 — 2.3 
2-Methylpentane 1.5 — --
n-Hexane 1.2 -- --
Isooctane 1.0 -- --
All others 22.2 30 26.9 




















































































































branched Cl9 aikane 
branched Ct9 aikane 
branched CM aikane 
branched Ctt aikane 
(2,5-?) dimethyloctane 
2.6-dimethyloctane 
branched C> „ aikane 
3-methylnonane 
branched C>M aikane 
n-decane 
branched C>„ aikane 
branched C>u aikane 
branched C> „ aikane 
branched C> „ aikane 
branched C>u aikane 
branched C>M aikane 
branched C> „ aikane 
branched C>„ aikane 
methyidecane 
branched C> „ aikane 
n-undecane 
branched C> ia aikane 
branched C>„ aikane 
branched C>„ aikane 
branched C>„ aikane 
branched C> „ aikane 
branched C> „ aikane 
branched C> „ aikane 
methylundecane 
branched C>(, aikane 
branched C>„ aikane 
n-dodecane 
branched C> u aikane 
branched C>u aikane 







































































branched C>„ aikane 
branched C>„ aikane 
branched C>u aikane 
branched C>lt aikane 
branched C>u aikane 
branched C> u aikane 
branched C>u aikane 
branched C> u aikane 
branched C>u aikane 
n-tridecane 
branched C>l4 aikane 
branched C> t4 aikane 
branched C> u aikane 
branched C>,4 aikane 
branched C>14 aikane 
branched C> l4 aikane 
branched C> l4 aikane 
branched C> ,4 aikane 
branched C> l4 aikane 
branched C> l4 aikane 
branched C> ,4 aikane 
n-tetradecane 
branched C> „ aikane 
branched C>u aikane 
branched C>u aikane 
branched C> u aikane 
branched C>u aikane 
branched C>„ aikane 
branched C> „ aikane 
branched C>„ aikane 
n-pentadecane 
branched C> IA aikane 
branched C>„ aikane 
branched C> u aikane 
branched C>M aikane 
branched C> u aikane 
branched C> u aikane 
branched C>M aikane 
branched C> ,4 aikane 
n-hexadecane 
branched C>17 aikane 
branched C>,; aikane 
branched C> l7 aikane 
branched C>,7 aikane 
branched C>17 aikane 
n-heptadecant 
branched C>„ aikane 
branched C> „ aikane 




















(cis or trans) 
l-ethyl-3-methylcyclopentane 
(trans or cis) 
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994 (n>?) propylcyclopentane 
1005 * 1,1,3-trimethyIcyclohexane 
1178 substituted cyclohexane 
1229 substituted cyclohexane 
1266 (isopropylcyclohexane) 
1304 n-propylcyclohexane 
1526 substituted cyclohexane 
1539 ferf-butylcyclohexane 
1550 substituted cyclohexane 






1990 substituted cyclohexane 
2109 substituted cyclohexane 
2151 substituted cyclohexane 
2238 n-hexylcyclohexane 
2274 substituted cyclohexane 
2416 (1,2,3-trimethylcyclohexane) 
2516 n-heptylcyclohexane 













471 2- or 3-hexene (cis or trans) 
483 2-hexene (trans or cis) 
621 1-heptene 














1264 isopropylbenzene (cumene) 
























1737 C, aJkyistyrene 
1753 l,4-dimethyl-2-ethylbenzene 
1766 1-methylindan 




1799 C, alkylstyrene 
1810 C, alkylstyrene 
1820 l,2-dimethyl-3-ethylbenzene 
1823 C, alky I benzene 
1830 Ct alkylbenzene 
1838 C, alkylbenzene 
1843 C, alkylbenzene 
1846 (1,3-?) diethenylbenzene 
1859 1,2,4,5-tetramethylbenzene 
1863 (C, alkylstyrene) 
1871 1,2,3,5-tetramethylbenzene 
1877 C, alkylstyrene 
1898 (C, alkylstyrene) 
1907 5-methylindan 
1925 C, alkylbenzene 
1932 4-methylindan 
1945 C, alkylbenzene 
1946 C, alkylbenzene 
1953 1,2,3,4-tetramethylbenzene 
1956 tetrahydronaphthalene (Tetralin) 
1971 C, alkylbenzene 
1984 C, alkylbenzene 
2000 C, alkylbenzene 
2010 C, alkylbenzene 
2014 C, alkylbenzene 
2017 naphthalene 
2032 C, alkylbenzene 
2053 C, alkylstyrene or C, alkylindan 
2063 C, alkylbenzene 
2072 Ct alkylbenzene 
2095 C, alkylbenzene 
2098 C, alkylbenzene 
2122 C, alkylbenzene 
2140 C, alkylbenzene 
2173 C» alkylbenzene 
2175 ethyl- or dimethylindan 
2184 Ct alkylbenzene 
2185 C, alkylbenzene 
2208 C( alkylbenzene 
2212 C( alkylbenzene 
2219 ethyl- or dimethylindan 
2234 C, alkylbenzene 
2256 ethyl- or dimethylindan 
2258 C, alkylbenzene 
2269 C| alkylbenzene 
2284 C, alkylbenzene 
2297 ethyl- or dimethylindan 
2303 C4 alkylbenzene 




2451 C, alkylbenzene 
2471 C, alkylbenzene 
2519 C, alkylbenzene 
APPENDIX C 
Effects of Organic Vapors Exposures on Humans and Other Animals 
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and Duration Effects 
Respi­
ratory 
3 - 6  
men and 
women 
Up to 5,000 ppm 
10 min 
No symptoms 










swelling, painful burning 
sensation, reduced pain 
15 min after removal 





and Duration Effects 
Respi­
ratory 
3,000 ppa Marked vertigo 
10 aln 
3 - 6  
2,500 - 1,000 ppa 
10 - 12 hr/d 
93 men 2,500 - 500 ppa 
2,000 ppa 
10 aln 
Drowsiness In 0.5 hr, fa­
tigue, loss of appeclte 
In soae, paresthesia In 
dletal extrsaltles 
Sensory lapalraenc In 
dlscal portion of extrea-
ltlee, auscle weakness in 
13, cold sensation of «x-
trealtles In soae, 
blurred vision, headache, 
easy fatigability, an­
orexia, weight loss by on­












Fatigue, loss or appetite 
in soae, paresthesia in 
distal sxtrealtles 




ling, painful burning 
sensation, reduced pain 
90 aln after rcaoval 
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TABLE 3C. Effects of heptane exposure on humans (52). 
Exposure 
Routes of Concsncrsclon 
Exposure Subjects end Duration Effects 
Respi- 3*6 
ratory men and 
women 
5,000 ppm Marked vertigo, lncoor-
15 min dilution, hilarity for 
30 min 
5,000 ppm Marked vertigo, incoor-
7 min dinatlon of apace, hilar­





Marked vertigo, inability 











Blister fotvatlon, no 
anesthesia 
Undiluted Irritation, itching, ery-
1 hr theme, pigmentation, swel­
ling, painful burning 
sensation in skin, reduced pain 
120 min after removal 
TABLE 4C. Effects of octane exposure on humans (52). 
Exposure 
Routes of Concentration 
Exposure Subjects and Duration Effects 








Diffuse and indefinable 
burning sensations, re­
duced pain 180 min after 
removal 
Hydrocarbon Formula Health effects ppm 
Concentration 
mg/m3 % by air 
Exposure 
hr days Animal 
Type 
study 
Cyclohexane3 No effect 434 1,491 0.043 8 130 Rabbit Chronic 
Minor microscopic 
changes in kidneys 
and liver 
786 2,710 0.078 6 50 Rabbit Chronic 
No effect 1243 4,270 0.12 6 50 Monkey Chronic 
No fatalities or 
signs of injury 
3300 11,439 0.33 6 50 Rabbits Chronic 



































No effect 2800 11,228 0.28 24 70 Rabbits Chronic 
Minor evidence 
of kidney & 
liver injury 
3300 13,233 0.33 5 70 Rabbits Chronic 
No fatalities; 
lethargy in 50% 

































?The Threshold Limit Value for cyclohexane is 400 ppm. 
The Threshold Limit Value for methylcyclohexane is 500 ppm. 
TABLE 6C Toxicity of benzene: 
exposure in air (17) 
Comparative 
• 
effects of chronic and acute 
Hydrocarbon Formula Health effects ppm 
Concentration 
mg/m3 % by air 
Exposure 
hr days Subject 
Benzene C6H6 TLV 25 
80 0.0025 Acute — Man 
Mucous membrane 
irritation 
















Prostration 4700 14,993 0.47 Acute — Mice 
LC 50 7400 23,606 0.74 Acute — Mice 
Dangerous after 
0.5-1.0 hrs. 
7500 23,925 0.75 Acute — Man 
LC 100 14,100 44,979 1.41 Acute — Mice 
LC 100 17,800 56,782 1.78 Acute — Rats 













Hydrocarbon Formula Health effects 
Toluene CgH^.CH^ No effect 







Also plus nausea, 
headache, dizziness 
Also plus loss 
of coordination, 
staggering, gait and 
pupils dilated 
Same symptoms as 
above with after 
effects characterized 
by severe nervousness, 
muscular fatigue and 
insomnia 
Comparative effects of chronic and acute 
Concentration Exposure 
ppm mg/m3 % by air hr days Subject 
50-100 188-377 0.05-0.01 Acute — Man 
200 753 0.02 8 1 Man 
300 1,130 0.03 8 1 Man 
400 1,506 0.04 8 1 Man 
600 2,259 0.06 3 1 Man 
600 2,259 0.06 8 1 Man 
800 3,012 0.08 8 1 Man 
TABLE 8C. Toxicity of xylenes(o,m,p): Comparative effects of chronic and acute 
exposure in air (17). 
Hydrocarbon Formula Health effects 
Concentration 
ppm mg/m3 % by air 
Exposure 
hr days Subject 
Xylenes 
(O.M.P) 







Decreased leukocytes & 













































TABLE 9C. Systemic effects of ketones on humans (50). 




Methyl ethyl ketone 
Methyl ethyl ketone 
(possibly methanol) 
Methyl ethyl ketone 
Methyl ethyl ketone 
and tetrafcydrofuran 
Methyl n-butyl ketone 
and aethyl ethyl 
Ketone 







12,000 pp®/2 min 







6. 1-36.0 ppa 
1M7-516 ppa 
Unknown 
80-500 ppa/20-30 min/d 
50-105 ppm/15-30 min/d 
Vomiting, narcosis 
Throat snd eye Irritation, dizziness, 
weakness 
Dizziness and weakness 
In'flaamstlon of respiratory tract, 
stomach, duodenua; occasional dizziness, 
loss of strength 
Eye irritations, gastrointestinal 
disturbances, headache, and narcosis 
Retrobulbar neuritis 
Dermatitis of the face, nuaoness of 
fingers and legs 
Peripheral neuropathy 
Weakness, loss of sppetlte, headache, 
eye irritation, stosacn ache, r.ausei, 
vomiting, and sore throat 
CHS and gastrointestinal disturbances 
in s few workers 
TABLE 10C. Irritation produced by some ketones in humans 
(50). 
Ketone Concent ruti cn/Duration Ef feels 
Acctone 
MethyJ ethyl ketone 
Diisobutyl ketone 
6 90-1,000 ppn/8 hr 
500 ppe/^ hr 
500 ppra/?-i« hr 
33,000 pprr./mor.'entary 
3,300 ppm/noncntsry 
100 ppfc/3 hr 
50 ppm/3 hr 
SI if.ht-moderate eye irritation 
Irritation to eyes, nose, throat, ar-i 
trachea 
No sy rcp•oms 
Intolerable eye and nose irritation 
Moderate eye and nore irritation 
Slight eye and threat irritation, 
slight headache 
Slight transitory eye and rose irrita­
tion 
Ill 
TABLE 11C. Chloroform inhalation exposures and effects 
(51). 
Exposure 
Variables Exposure Time Effects 






Rats; 100 ppm 










Lassitude, dryness of 
the mouth, irritability 
Delayed fetal skull 
ossification and wavy 
rib formation 
Intermittent Flatulence, lassitude, 








In fetuses - increased 
occurrences of acaudia, 
missing ribs, delayed 
sternebrae ossification, 
subcutaneous edema, 
imperforate anus; in 
adults - Increased liver 
weights 
Moderate fatty infil­
tration of liver 
some liver necrosis 
Headache, nausea, 
burping, loss of appe­
tite, Increased Inci­
dence of viral hepati­
tis, toxic hepatitis with 
elevated serum gamma 
globulins, splenomegaly, 
hepatomagoly 
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